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The  main"  object  of  this  work  is  to  further  the  general 
adoption  in  chemical  instruction  of  the  -Unitary  System  of 
notation,  by  furnishing  .the  laboratory  student  with  a  manual 
of  analysis,  in  which  this  no^tntion  is  adopted  throughout. 
This  system,  first  proposed  by  Grerhardt  some  sixteen  years 
ago,  and  consistently  advocated  by  Laurent,  Williamson, 
Brodie,  and  crther  eminent  chemists,  has  been  gradually  but 
surely  gaining  ground:  until,  at  the  present  time,  the  only 
obstacle  to  its  almost  universal  adoption  in  chemical  schools 
is  the  want  of  books  in  which  this  system  of  notation  is  em- 
ployed. This  want  will  be  supplied  in  the  theoretical  and 
descriptive  branches  of  the  science  by  the  forthcoming 
Handbook  of  Chemistry  by  Dr.  Od  ling:  the  present  manual 
is  designed  to  supply  the  same  want  in  the  analytical  branch. 
I  may  add  that  the  work  was  undertaken  with  Dr.  Od  ling's 
knowledge  and  concurrence :  and,  in  order  to  ensure  uni- 
formity between  the  two  books  on  all  essential  points,  tlie 
greater  part  of  these  sheets  has  been  submitted  to  his  inspec- 
tion. 

Independently,  however,  of  the  main  object  with  which 
this  work  has  been  executed,  I  believe  that  there  is  room  in 
English  chemical  literature  for  a  text-book  which  aims  at 
comprising  the  best  and  latest  methods  of  analysis  within  a 
moderate  compass.  In  German  chemical  literature  this  place 
is  filled  by  the  last  edition  of  Dr.  H.  Will's  Anleitung  zur 
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Chemischen  Analyse;  a  work  which,  beyond  any  other  with 
which  I  am  acquainted,  combines  the  qualities  of  completeness 
and  compactness.  Those  who  are  familiar  only  with  the  first 
edition  of  this  book  which  was  published  in  England  some 
twelve  years  ago,  can  form  no  idea  of  the  comprehensiveness 
and  eminent  practical  utility  of  the  later  edition.  Convinced 
that  it  was  impossible  to  select  a  better  model  for  a  manual 
of  analysis,  I  lost  no  time  in  communicating  my  design  to 
Dr.  Will,  and  soliciting  his  consent  to  its  being  carried  out. 
This  consent  he  at  once  granted:  and  I  take  this  opportunity 
of  acknowledging  how  fully  his  work  is  the  foundation  of  mine. 
In  fact,  my  first  idea  was  simply  to  translate  his  book,  merely 
making  such  alterations  as  were  necessitated  by  Xhe  adoption 
of  the  new  system  of  notation.  But  I  found  it  advisable  to 
make  so  many  changes,  both  in  the  way  of  general  arrange- 
ment, and  of  the  introduction  of  fresh  matter,  that  I  aban- 
doned this  design,  and  resolved  to  take  his  book  rather  as  a 
basis  than  as  a  strict  model.  These  changes  have  been  made 
principally  in  the  two  first  parts  of  the  work :  in  the  remain- 
ing parts  Dr.  Will's  book  has  been  more  closely  adhered  to, 
although  in  these  also  a  considerable  amount  of  fresh  matter 
has  been  introduced.  The  Analytical  Tables,  especially,  are 
little  more  than  translations  of  those  which  accompany  Dr. 
Will's  manual.  The  last  table,  however,  which  gives  the 
behaviour  with  acids  of  the  majority  of  silicates,  is  entirely 
new:  it  has  been  compiled  with  great  care  from  "the  works  of 
Eammelsberg,  Naumann,  Brooke  and  Miller,  Dana,  and 
other  authorities  on  mineralogy,  in  the  belief  that  it  will  be 
found  of  service  to  students  engaged  in  silicate  analysis.  In 
short,  my  object  has  been  to  produce  a  book  which,  while  it 
possesses  all  the  advantages  of  that  on  which  it  is  based, 
presents  the  additional  one  of  incorporating  the  best  methods 
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of  analysis  which  have  been  introduced  since  the  appearance 
of  Dr.  Will's  work. 

It  would  be  out  of  place,  in  a  purely  practical  manual,  to 
enter  into  any  explanation  of  the  differences,  or  discussion  of 
the  respective  claims,  of  the  old  system  of  notation  and  of 
that  employed  in  this  book.  I  shall  confine  myself  to  a  simple 
statement  of  the  changes  which  have  been  rendered  necessary 
by  the  adoption  of  the  new  system.  These  consist  mainly  in 
doubling  the  atomic  weights  of  ten  of  the  elementary  bodies, 
viz.,  oxygen,  sulphur,  selenium,  tellurium,  carbon,  boron, 
silicon,  tantalum,  titanium,  and  tin.  A  corresponding  change 
in  the  formulae  of  all  compounds  in  which  any  of  these  ten 
elements  is  combined  with  any  of  the  remaining  elementary 
bodies,  follows  as  a  necessary  consequence;  either  the  coeffi- 
cient of  the  latter  is  doubled,  or  that  of  the  former  is  halved. 
Thus  ivater  and  nitHc  acid,  which,  under  the  old  system,  are 
expressed  by  the  formulso  HO  and  NO^HO,  respectively, 
become,  in  the  new  system,  H^O  and  NO^H.  Further,  the 
adoption  of  that  view  of  the  constitution  of  salts,  which 
regards  them  as  acids  in  which  the  hydrogen  is  wholly  or 
pai-tially  replaced  by  another  metal,  instead  of  that  which 
represents  them  as  compounds  of  an  anhydrous  acid  with  a 
metallic  oxide,  induces  a  change  in  the  arrangement  of  the 
sjrmbols  by  which  these  bodies  are  expressed.  Thus,  nitrate 
of  silver  is  written  NO^Ag,  not  NO'^,AgO. 

As  this  book  is  designed  solely  as  a  laboratory  companion, 
and  in  no  way  aims  at  superseding  the  necessity  of  a  teacher, 
I  have  not  introduced  into  it  any  of  that  detail  which  belongs 
properly  to  works  intended  for  self-instruction.  Description 
of  apparatus,  directions  for  the  preparation  of  reagents,  &c., 
have  been  generally  excluded :  these  are  points  on  which  the 
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student  will  learn  far  more  by  a  few  days'  practice  in  the 
laboratory  than  could  be  taught  him  by  pages  of  written 
instruction.  Besides,  books  already  exist  in  which  these  and 
similar  points  are  fully  treated :  and  it  has  been  my  object 
throughout  to  keep  the  bulk  of  this  volume  within  the 
narrowest  possible  limits.  I  have,  however,  thought  it  well 
to  follow  Dr.  Will's  example  in  not  confining  the  work  to 
qualitative  analysis  only.  In  the  section  which  treats  of 
quantitative  analysis  by  w^eight,  I  have  derived  great  assistance 
from  Wöhler's  Handbook  of  Inorganic  Analysis.  In  the 
almost  total  absence  of  any  English  work  on  that  branch  of 
analysis,  I  hope  that  the  few  pages  devoted  to  the  very 
important  subject  of  Volumetric  Analysis  will  be  found  espe- 
cially useful. 

With  a  view  of  directing  the  student's  attention  in  the  first 
instance  only  to  those  elements  Avhich  there  is  a  reasonable 
chance  of  his  meeting  with  in  the  ordinary  course  of  analysis, 
I  have  printed  in  small  type  the  sections  relating  to  those 
elements  which  are  of  comparatively  rare  occurrence.  I  should 
recommend  the  beginner  to  confine  his  attention  exclusively 
to  that  portion  of  the  book  which  is  printed  in  large  type. 
It  is  of  no  use  for  him  to  burden  his  memory  with  the  reac- 
tions of  the  rarer  elements,  until  he  is  at  least  tolerably 
familiar  with  those  of  the  bodies  which  he  is  likely  to  meet 
with  at  the  commencement  of  his  analytical  practice. 

In  conclusion,  I  wish  to  record  my  acknowledgments  to  my 
friend  Mr.  Cf.  C.  Foster,  of  University  College,  to  whose 
cooperation  I  have  been  indebted  for  most  valuable  assistance 
during  the  whole  of  the  preparation  of  the  book. 

F.  T.  CONINGTON. 

London  :  December,  1858. 
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INTRODUCTION. 

Tde  object  of  Chemical  Analysis  is  to  ascertain  the  composition  of 
any  substance  whatever.  In  doing  this  we  may  either  rest  con- 
tented with  determining  the  elements  of  which  it  is  composed, 
without  paying  any  attention  to  their  several  quantities  :  or  we 
may  go  further,  and  ascertain  tlie  exact  proportion  of  each 
element  which  enters  into  its  composition.  Hence  arises  the  dis- 
tinction between  Qualitative  and  Quantitative  Analysis.  Quali- 
tative analysis  teaches  us  how  to  ascertain  tlie  elements  of  a 
substance  with  regard  to  their  quality  only,  and  how  to  separate 
them  from  one  another  ;  quantitative  analysis  establishes  tho 
methods  of  proceeding,  by  which  we  determine  tlie  relations  of 
weiglit  or  volume  which  these  elements  bear  to  one  another.  It  is 
obvious  that,  before  we  can  proceed  to  estimate  tlie  quantities  of 
each  element  contained  in  a  compound,  we  must  know  what  are 
the  elements  that  it  contains  ;  hence  Qualitative  must  always 
precede  Quantitative  analysis. 

The  method  of  qualitative  analysis  consists  in  bringing  the 
substance  under  examination  into  contact  with  other  bodies  of 
known  properties,  and  observing  the  phenomena  which  ensue. 
These  phenomena  consist  in  alterations,  either  in  state  of  a"-"-re- 
gation,  form,  or  colour,  depending  upon  some  chemical  change. 
All  bodies,  which  v/c  employ  for  this  purpose,  we  call  by  tho 
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general  name  of  reagents:  tlic  ensuing  phenomena  we  designate 
reactions.  Acids,  bases,  salts,  and  simple  bodies  (elements),  are 
alike  used  as  reagents. 

By  means  of  reagents  the  chemist  puts  questions  to  the  sub- 
stance under  examination,  inquiring  Avhether  it  contains  this  or 
that  group  of  similar  elements,  or  only  this  or  that  member  of 
such  groups.  The  answers  to  these  questions  are  afforded  by  the 
occurrence  or  non-occurrence  of  the  consequent  reactions.  If  the 
question  be  put  correctly,  i.  e.  if  all  the  conditions  under  which 
the  reaction  expected  can  be  produced  by  the  reagent  employed 
be  carefully  observed,  the  answer  is  decisive  as  to  the  presence  or 
absence  of  the  element,  or  group  of  elements,  sought ;  if,  on  the 
other  hand,  these  conditions,  i.  e.  the  properties  and  chemical 
relations  of  the  bodies  formed  by  the  chemical  changes  Avhich 
constitute  the  reaction,  have  been  wholly  or  partially  neglected, 
the  answer,  if  not  certainly  erroneous,  is  at  least  doubtful. 

Reagents  may  be  employed  either  in  the  wet  ivay  or  in  the  dry 
way.  In  the  wet  way,  the  reagent  in  solution,  i.  e.  in  the  liquid 
form,  is  brought  into  contact  with  the  substance  to  be  examined, 
which  is  also  in  the  liquid  form.  In  the  dry  way,  the  two  bodies 
are  brought  together  in  the  solid  state,  and  subjected  to  a  high 
temperature.  Of  the  utmost  importance  in  analysis  by  the  latter 
method,  is  the  knowledge  of  the  use  of  the  blow-pipe,  and  of  the 
behaviour  of  bodies  in  the  different  flames  which  can  be  produced 
by  this  invaluable  instrument.  AVhether  he  employ  the  A\  et  or 
the  dry  way,  the  phenomena  to  be  observed  by  the  analyst  are  the 
same,  consisting  of  indications  either  of  oxidation,  reduction,  or 
double  decomposition. 

Many  reagents  exhibit  the  same  or  a  similar  behaviour  with 
a  certain  fixed  number,  i.e.  with  a  group,  of  elements,  and  with  all 
the  compounds  of  these  elements  ;  and  can  therefore  be  employed 
for  the  division  of  the  elements  into  groups.  Such  reagents  are 
termed  general  reagents.  Others  serve  for  the  further  distinction 
of  the  several  members  of  such  groups  ;  their  selection  depends 
upon  the  knowledge  of  the  special  characteristic  behaviour  to  such 
reagents  of  each  single  element,  or  of  each  of  its  several  compounds. 
Such  reagents  are  called  special  or  characteristic  reagents.  Their 
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number  is  much  greater  than  that  of  the  general  reagents,  their 
nature  beinor  as  various  as  that  of  the  substances  which  can  come 
under  examination;  their  selection  depends  upon  the  solubility  or 
insolubility,  colour,  or  other  physical  or  chemical  properties  of 
tho  new  compounds  to  which  they  give  rise.  They  may  fre- 
quently be  employed  reciprocally  :  thus,  iodine  is  a  chax-acteristic 
reagent  for  starch,  and  reciprocally  starch  is  a  characteristic 
reagent  for  iodine. 

The  analyst  has  not  only  to  establish  that  this  or  that  body  is 
present  in  a  compound,  but  he  has  also  to  prove  that  no  other 
body  is  pi-esent  besides  those  that  he  has  actually  found.  Hence 
it  is  evident  that  he  must  not  treat  the  substance  he  is  examining 
with  any  reagent  indiscriminately.  He  must  follow  a  certain 
fixed  order,  a  methodical  system,  in  the  application  of  reagents, 
which  will  be  the  same  for  all  inorganic  substances  whatever, 
let  their  elements  be  what  they  may.  This  systematic  method, 
which  cannot  be  departed  from  or  abbreviated  without  danger, 
except  in  certain  cases  by  the  experienced  chemist,  consists,  as  is 
best  shown  in  Table  IV.,  in  the  employment  of  general  reagents 
for  the  successive  elimination  of  groups  of  elements  possessing 
certain  common  chemical  properties  ;  and  finally,  in  the  recogni- 
tion of  each  member  of  such  groups  by  the  employment  of 
characteristic  reagents.  If  the  object  be  not  a  complete  and 
accurate  analysis,  but  merely  to  establish  the  presence  or  absence 
of  some  particular  body,  the  characteristic  reagent  may  in  many 
cases  be  employed  at  once,  without  having  previously  had  I'e- 
course  to  general  reagents. 

The  foregoing  remarks  will  enable  the  student  to  comprehend 
the  system  of  arrangement  which  has  been  adopted  in  this  work. 
Part  I.  contains  a  list  of  the  most  important  reactions  exhibited 
by  the  non-metallic  elements  and  their  compounds,  when  brought 
into  contact,  whether  in  the  wet  or  dry  way,  with  various  re- 
agents, both  general  and  characteristic.  In  this  class  of  bodies 
by  far  the  greater  number  of  acids  are  included.  Part  II.  con- 
tains a  similar  enumeration  of  the  reactions  of  the  metals  and 
their  compounds.  In  this  class  are  comprised  by  far  the  larger 
proportion  of  all  known  elements.    They  are  divided  into  certain 
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groups,  according  to  their  behaviour  with  a  small  number  of 
general  reagents,  which  have  been  selected  by  universal  experience 
as  affording  the  most  convenient  and  best  defined  classification. 
Part  III.,  to  which  the  Tables  belong,  furnishes  a  complete 
systematic  course  of  inorganic  analysis,  by  pointing  out  the  order 
in  Avhich  the  reagents  mentioned  in  the  two  first  parts  may  be 
most  advantageously  applied  for  the  detection  and  separation  of 
any  inorganic  body  whatever.  To  it  are  added  a  few  general 
remarks  and  cautions,  intended  at  once  to  facilitate  the  course  of 
analysis,  and  to  render  its  results  reliable.  Part  IV.  is  devoted 
to  quantitative  analysis  ;  and  Part  V.  to  the  best  methods  for  the 
detection  of  the  poisons  of  most  frequent  occurrence  in  judicial 
investigations. 
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REACTIONS  OF  THE  NON-METALLIC  ELEMENTS  AND  THEIR 
MOST  IMPORTANT  COMPOUNDS. 

Tins  class  of  bodies  comprises  by  far  tlie  greater  number  of 
those  substances  whicli  possess  an  acid  reaction*,  and  which  are 
therefore  designated  by  the  generic  name  of  Acids.  In  this  part, 
therefore,  will  be  found  the  reactions  by  which  the  great  majority 
of  acids  are  distinguished.  But,  as  there  are  some  compounds  of 
the  non-metallic  elements  which  are  not  acids,  so  there  are  some 
acids  which  contain  metallic  elements.  Since,  however,  the 
characteristic  reactions  of  these  metallic  acids  depend  upon  the 
presence  of  the  metallic  element,  they  will  naturally  be  treated  of 
in  Part  II.,  which  is  devoted  to  metals  and  their  compounds."]" 

*  The  general  reagent  by  which  the  presence  of  any  acid  is  detected,  is  infu- 
sion of  litmus,  the  blue  colour  of  which  is  instantaneously  changed  to  red  on 
contact  with  an  acid.  It  is  this  property  of  reddening  litmus  which  is  signified 
when  a  substance  is  said  to  have  an  acid  reaction.  Conversely,  a  body  which 
possesses  the  property  of  restoring  the  blue  colour  of  reddened  litmus,  is  said 
to  have  an  alkaline  reaction.  Another  general  test  for  such  acids  as  are  soluble 
in  water,  is  tlieir  behaviour  with  carbonates,  with  which  they  cause  effervescence, 
owing  to  the  formation  and  decomposition  of  carbonic  acid. 

t  As  the  sense  in  which  we  employ  tlie  term  acid  is  somewhat  different  from 
that  which  is  prevalent  in  most  works  on  chemistry,  it  may  be  well  to  dwell 
briefly  on  the  signification  that  wc  attach  to  it.  Wc  adopt  the  definition  given 
by  Gerhardt  (Introduction  ä  I'Etude  de  la  Chimie,  p.  103)  :  an  acid  is  a  salt 
whose  base  consists  entirehj  of  hydrogen.  Thus,  nitric  acid,  NO^II,  is  nitrate  of 
hydrogen,  just  as  NO^Ag  is  nitrate  of  silver.  In  our  view,  therefore,  the  pre- 
sence of  basic  hydrogen  —  i.  e.  of  hydrogen  which  can  be  replaced  by  any  otiier 
metal  —  is  essential  to  the  idea  of  an  acid.  Hence  we  hold  that  these  bodies, 
whicli  arc  commonly  called  anhj/drous  acids,  are  not  acids  at  all ;  and,  in  fact 
they  do  not  exhibit  acid  reactions.  We  propose  to  designate  these  bodies  by 
the  name  anhydrides  (e.g.  sulphuric  anhydride,  SO';  carbonic  onhvdride, 
CO-,  &c). 

The  number  of  atoms  of  basic  hydrogen  varies  in  different  acids,  and  on  this 
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In  this  and  the  following  Part,  the  letter  (c)  is  attached  to  those 
reactions  which  are  most  characteristic,  and  on  which  the  student 
should  especially  rely.  The  reactions  not  so  marked  may  usefully 
be  employed  as  confirmatory  tests. 

1.  Oxygen.    0.    Atomic  weight,  16. 

A  constituent  of  atmospheric  air,  of  water,  and  of  the  majority 
of  chemical  compounds.  A  permanent  gas,  destitute  of  colour  or 
smell.  It  is  most  easily  recognised  by  its  property  of  rekindling 
a  glowing  match  that  is  introduced  into  it.  (c)  With  nitric  oxide 
it  forms  red  fumes,  (c)  When  mixed  with  twice  its  volume  of 
hydrogen  and  ignited,  combination  takes  place  with  explosion, 
and  water  is  formed,  no  gaseous  residue  being  left.  It  is  but  very 
slightly  soluble  in  water.  It  is  readily  absorbed  by  the  following 
reagents:  (c)  phosphorus;  metallic  copper,  when  heated  to 
redness,  or  moistened  with  dilute  sulphuric  acid;  a  solution  of 
suhchloride  of  copjjer  in  ammonia  ;  (c)  a  solution  of  pyrogallic 
acid  in  caustic  potash,  with  which  it  gives  a  dark  brown  colour; 

variation  is  founded  the  distinction  between  monobasic  and  pohjbasic  acids.  A 
monobasic  acid  contains  only  1  atom  of  basic  hydrogen  :  in  forming  other 
metallic  salts,  therefore,  it  must  always  exchange  the  whole  of  its  hydrogen  for 
another  metal,  and  so  can  only  form  normal  salts  ;  e.  g.  nitric  acid,  NO'H  ;  nor- 
mal nitrate,  NO'K.  A  bibasic  acid  contains  2  atoms  of  basic  hydrogen,  one  or 
both  of  which  can  be  replaced  by  another  metal.  Besides  the  normal  salt, 
therefore,  in  which  both  atoms  of  basic  hydrogen  are  replaced  by  a  metal,  it  can 
form  one  acid  salt,  in  which  only  1  atom  is  so  replaced;  e.g.  sulphuric  acid, 
SO^H*;  normal  sulphate,  SO'K- ;  acid  sulphate,  SO 'KH.  A  tribasic  acid  con- 
tains 3  atoms  of  basic  hydrogen,  each  of  which  can  be  separately  replaced  by 
another  metal ;  and  hence  it  can  form,  besides  its  normal  salt,  two  acid  salts, 
according  as  1  or  2  of  its  atoms  of  basic  hydrogen  are  so  replaced ;  e.g.  phos- 
phoric acid,  PO'IP  ;  nomal  phosphate,  PO^K* ;  monacid  phosphate,  PO^K'H  ; 
biacid  phosphate,  PO'KH-. 

The  term  neutral  salt  is  commonly  applied  to  denote  those  salts  in  which  the 
basic  hydrogen  of  the  acid  is  completely  replaced  by  another  metal,  the  name 
being  founded  on  the  presumption  that  such  salts  are  without  action  on  litmus. 
Since,  however,  this  is  far  from  being  universally  the  case,  it  is  better  to  desig- 
nate such  salts  by  the  term  normal  ,mlis. 

In  writing  the  formula;  of  acids,  we  shall  generally  place  the  basic  atom  or 
atoms  at  the  end  of  the  formula.  In  this  manner  the  basicity  of  an  acid  is  ren- 
dered evident  at.  a  glance. 
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by  protohydrate  of  iron,  suspended  in  an  {ilkaline  liquid;  by 
alkaline  sulphides;  and  less  rapidly  by  agitation  with  finely 
divided  and  moistened  metallic J.  These  and  similar  reagents 
for  the  absorption  of  gases,  arc  principally  employed  in  Eudio- 
metry. 

2.  l%ltrogen.    N.    Atomic  weight,  14. 

A  constituent  of  the  atmosphere.  A  permanent  colourless  gas, 
in  which  burning  bodies  are  immediately  extinguished.  It  is 
absorbed  readily  by  boron,  silicon,  and  titanium  at  high  tempe- 
ratures, the  nitrides  of  these  metals  being  formed.  In  order 
to  detect  nitrogen  in  any  organic  compound,  the  substance  is 
dried  and  heated  with  caustic  potash,  when,  if  nitrogen  be 
present,  ammojiia  is  evolved,  and  may  be  recognised  by  its 
smell,  and  by  its  forming  white  clouds  on  contact  with  a  glass 
rod  moistened  with  hydrochloric  acid  ;  or  the  substance  is  heated 
in  a  test-tube  with  a  fragment  of  potassium,  then  dissolved  in 
water,  and  tested  for  cyanogen  with  a  proto-  and  sesqui-salt  of 
iron  and  hydrochloric  acid,  or  with  sulphide  of  ammonium  and 
sesquichloride  of  iron.    {See  Cyanogen,  p.  41.) 

Oxides  and  Acids  of  Nitrogen.  ^.  Nitric  Acid, 'i^iO^'R. — 
Pure  nitric  acid  is  a  colourless  corrosive  volatile  liquid  ;  when 
it  contains  nitrous  acid,  it  is  of  a  deep  yellow  colour.  It  readily 
parts  with  half  its  oxygen,  generally  giving  off  nitric  oxide,  NO, 
which  forms  red  fumes  on  contact  with  the  air.  It  is  a  powerful 
oxidising  agent,  attacking  all  metals  except  platinum,  iridium, 
rhodium,  and  gold  ;  converting  most  lower  metallic  oxides  into 
higher  oxides  ;  and  oxidising  all  sulphides  (except  sulphide  of 
mercury)  into  the  corresponding  sulphates,  generally  with  sepa- 
ration of  sulphur,  which  by  prolonged  digestion  is  converted  into 
sulphuric  acid.  It  forms  soluble  salts  with  all  metals  :  hence  it 
precipitates  no  metal,  nor  is  there  any  reagent  by  which  it  can 
be  precipitated.  Tin,  antimony,  tungsten,  and  tellurium  are  the 
only  metals  which,  when  treated  with  nitric  acid,  form  oxides  in- 
soluble in  the  acid  ;  the  sulphate  of  load,  which  is  formed  by 
treating  sulphide  of  lead  Avith  nitric  acid,  is  similarly  insoluble. 
Most  nitrates  are  less  soluble  in  nitric  acid  than  in  Avater.  In- 
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soluble  basic  nitrates  are  readily  soluble  in  dilute  sulphuric  or 
other  mineral  acids. 

Nitric  acid  and  other  nitrates  are  decomposed  wlicn  heated 
with  concentrated  hydrochloric  acid,  or  other  chlorides,  clilorine 
being  evolved  ;  this  mixtui'c  (ctqua-regia)  readily  dissolves  gold- 
leaf,  and  decolorises  solution  of  indigo,  (c)  When  a  solution  of  a 
nitrate  is  mixed  with  about  its  own  volume  of  pure  concentrated 
sulphuric  acid,  the  mixture  allowed  to  cool,  and  a  few  drops  of  a 
concentrated  solution  of  protosiilphate  of  iron  gently  jioured 
upon  it,  a  ring  is  formed  at  the  point  of  contact  of  the  two  liquids 
of  a  violet,  amethyst,  red,  or  dark  brown  colour,  according  to  the 
quantity  of  nitrate  present.  The  coloration  is  increased  by  the 
careful  agitation  of  the  mixture,  and  disappears  on  the  application 
of  heat.  In  the  absence  of  chlorine  compounds  the  smallest  trace 
of  a  nitrate  may  be  detected  by  this  test.  Very  dilute  solutions, 
(as  mineral-water,  rain-water,  or  Avater  issuing  from  tlie  soil,) 
require  concentration  before  applying  this  reaction.  When  a 
solution  of  a  nitrate  is  heated  with  sulphuric  acid  and  a  drop  of 
solution  of  indigo,  the  blue  colour  of  the  indigo  is  changed  to 
yellow  :  this  reaction  is  rendered  more  delicate  by  tlie  addition 
of  a  little  chloride  of  sodium.  When  a  dry  and  pure  nitrate  is 
heated  with  concentrated  sulphuric  acid,  colourless  vapours  of 
nitric  acid  are  evolved,  which  form  white  clouds  on  contact 
with  ammonia,  and  do  not  precipitate  a  silver  solution,  (c)  If 
metnUic  copper  or  protosiilphate  of  iron  be  added  to  the  mixture, 
red  nitrous  fumes  are  evolved,  and,  if  a  chlorine  compound  be  pre- 
sent, free  chlorine  also.  If  the  quantit}-  of  nitrate  present  be  very 
minute,  the  nitrous  fumes  may  not  be  visible  to  the  eye,  but  they 
may  be  detected  by  leading  the  gas  evolved  into  a  solution  of 
starch  and  iodide  of  potassium,  when,  if  the  least  trace  of  nitrous 
fumes  be  present,  the  characteristic  purple  colour  of  iodide  of 
starch  will  be  produced.  The  same  reaction  is  effected  in  the 
dry  way  by  fusing  a  nitrate  with  acid  sulphate  of  potassium. 
All  nitrates,  when  fused  with  potash  and  any  non-nitrogenised 
organic  body,  as  sugar,  evolve  ammonia.  When  heated  with 
an  excess  of  protochJoride  of  iron  and  hydrochloric  acid,  all 
nitrates  give  off  nitric  oxide,  which,  when  mixed  with  sul- 
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plmretted  hyilrogcn,  and  led  (in  an  atmosphere  of  hydrogen) 
over  heated  soda-lime,  is  entirely  converted  into  ammonia.  The 
ammonia  is  easily  estimated  by  leading  it  into  a  standard  solu- 
tion of  sulphuric  acid.  This  is  often  a  convenient  method  for 
the  estimation  of  nitric  acid. 

All  nitrates  are  decomposed  at  a  high  temperature  ;  nitrate  of 
ammonium  entirely  into  nitrous  oxide  andwater(N0^NII'*  =  N20-|- 
2H-'()).  The  decomposition  by  heat  of  all  other  nitrates  varies 
with  the  nature  of  the  base,  but  generally  they  are  all  decomposed 
into  oxygen  and  some  lower  oxide  of  nitrogen.  When  heated  with 
charcoal,  or  especially  with  cj'anide  of  potassium,  sulphur,  or  phos- 
phorus, nitrates  explode  violently. 

Estimation  of  Nitric  Acid. — This  is  usually  effected  by  saturating 
the  acid  with  excess  of  carbonate  of  barium,  heating  tlie  mixturein 
order  to  decompose  any  acid  carbonate,  filtering  off" and  thoroughly 
washing  the  excess  of  carbonate,  and  precipitating  by  sulphuric 
acid  the  barium  contained  as  nitrate  in  the  filtrate.  This  process 
can  only  be  applied  directly  when  the  nitric  a^id  is  free,  and  no 
other  acid  is  present.  In  the  analysis  of  a  nitrate,  the  nitric  acid 
is  liberated  by  distillation  with  sulphuric  acid  ;  the  distillate  is 
treated  as  above.  The  same  distillation  separates  nitric  acid  from 
any  non-volatile  acids  that  may  be  present  ;  if  other  volatile  acids 
are  present  they  must  be  removed  before  distilling. 

Nitric  acid  may  also  be  estimated  volumetrically  {see  Part  IV.) 
by  means  of  a  standard  solution  of  chloride  of  tin  in  hydrochloi'ic 
acid.  A  known  volume  of  the  tin-solution,  more  than  can  be  com- 
pletely converted  into  perchloride  by  the  nitrie  acid  employed,  is 
heated,  together  with  the  nitric  acid  (or  nitrate)  in  a  sealed  tube, 
to  about  100°  for  ten  minutes.  The  contents  of  the  tube  are  then 
transferred  to  a  beaker,  a  little  iodide  of  potassium  and  starch 
added,  and  the  remaining  chloride  of  tin  estimated  by  a  standard 
solution  of  bichromate  of  potassium.  Eacii  atom  of  nitric  acid 
converts  4  atoms  chloride  of  tin  into  perchloride  (N03H  +  4SnCP 
+  8ClII  =  4SnC14  +  NIF  +  3II20).— r  u  g  h. 

b.  Peroxide  of  Nitrogen  (hyponitric  acid),  NO^.  Nilro7(s  An- 
hydride, N^O-^ — Yellowish  or  reddish-brown  gases,  formed  by  the 
contact  of  nitric  oxide  with  oxygen,  and  by  the  decomposition  by 
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heat  of  most  nitrates.  On  contact  with  water  they  are  deco- 
lorised and  decomposed  ;  NO^  into  nitric  and  nitrous  acids 
(2N02  +  H20=N05H  +  N02H);  and  N203  into  nitric  acid  and 
nitric  oxide  (SN^O^  -^  H20=2N03H  +  4N0).  At  a  very  low  tem- 
peratui-e  they  are  condensed,  the  former  to  a  brown,  the  latter  to 
a  bluish-green  liquid.  Both  are  constituents  of  the  red  fuming 
nitric  acid. 

c.  Nitrous  Acid,  NO^H. — Formed,  as  we  have  seen,  by  the 
decomposition  of  NO^  in  contact  Avith  water.  It  can  never 
be  obtained  free  from  nitric  acid,  for  its  solution  is  always  partially 
decomposed  into  nitric  acid  and  nitric  oxide  (3N0-H=N0^H  + 
2N0  +  H-0).    All  nitrites  are  soluble  in  water. 

Aqueous  solutions  of  alkaline  nitrites  are  decomposed  by  hydro- 
sulphuric  acid,  sulphides  of  the  alkaline  metals  being  formed  ; 
in  acid  solutions  the  decomposition  is  accompanied  by  a  separation 
of  sulphur.  When  treated  with  dilute  sulplmric  or  nitric  acid, 
nitrites  give  off  red  fumes ;  on  the  addition  of  the  same  acids, 
i\iGy  decolorhe  permanganate  of  potassium,  and  gradually  change 
the  colour  of  bichromate  of  potassium  to  a  greenish  blue,  (c) 
Free  nitrous  acid  at  once  produces  a  purple  colour  Avith  starch  and 
iodide  of  potassium.  Since  pure  nitric  acid  exhibits  none  of  these 
reactions,  they  serve  to  detect  nitrous  in  presence  of  nitric  acid, 
(c)  All  nitrites  give  a  dark-brown  colour  with  protosalts  of  iron, 
without  the  addition  of  acid.  Pure  nitrates  do  not  exhibit  this 
reaction ;  for  the  employment  of  this  test  for  the  detection 
of  nitric  acid  (p.  8)  depends  upon  the  partial  reduction  of  tlie 
nitric  to  nitrous  acid.  Nitrites  reduce  terchloride  of  gold  and 
subsalts  of  mercury,  giving  with  the  former  a  brown  precipitate 
of  metallic  gold,  with  the  latter  a  grey  precipitate  of  metallic 
mercury.  Alkaline  nitrites  give  a  yellow  precipitate  with  proto- 
salts of  cobalt,  which  forms  slowly  (p.  145).  An  aqueous  solution 
of  nitrite  of  ammonium,  or  of  any  nitrite  on  addition  of  chloride 
of  ammonium,  is  decomposed  by  heat  into  nitrogen  and  water, 
(N02NH4=N2  +  2H20).  (c)  Urea  is  decomposed  by  nitrous 
(not  by  nitric)  acid,  with  evolution  of  carbonic  anhydride  and 
nitrogen  (CH4N20  +  2N02H=:C02  +  N*-f  3IP0).  Many  nitro- 
genised  organic  compounds,  e.  g.  protein,  give  a  deep  red  colour 
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when  heated  with  a  solution  of  mercury  in  nitric  acid,  containing 
some  nitrite,  (c)  Both  nitric  and  nitrous  acids  impart  a  deep 
yellow  colour  to  all  nitrogenised  organic  compounds ;  e.  g.  the 
human  skin,  feathers,  &c. 

d.  Nitric  Oxide,  NO.  — A  colourless  gas,  which,  on  contact 
with  oxygen  forms  red  fumes  of  NO^  and  N^O^.  (c)  It  is 
readily  and  completely  absorbed  by  a  solution  of  a  protosalt  of 
iron,  giving  a  red  or  dark  brown  colour,  and  by  concentrated 
7iitric  acid,  giving  a  blue,  green,  or  yellow  colour.  These  re- 
actions distinguish  it  from  all  known  gases.  The  dark  brown 
compound  which  it  forms  with  protosalts  of  iron  contains  4  atoms 
of  tlie  iron  salt  to  2  atoms  of  nitric  oxide:  it  is  on  the  formation 
of  this  body  that  the  best  test  for  the  detection  of  nitric  acid 
depends  (p.  8).  On  contact  with  red-hot  metallic  copper,  nitric 
oxide,  like  all  other  oxides  of  nitrogen,  gives  up  its  oxygen,  free 
nitrogen  being  evolved. 

e.  jMtroKs  Oxide  (laughing  gas),  N^O. —  A  colourless  gas, 
which  is  not  coloured  by  contact  with  oxygen.  It  is  somewhat 
soluble  in  water.  Like  oxygen,  it  rekindles  a  glowing  match, 
but  it  is  readily  distinguished  from  oxygen  by  its  remaining 
colourless  on  contact  with  nitric  oxide.  Heated  potassium 
deprives  both  nitrous  and  nitric  oxide  of  all  their  oxygen  ;  in  the 
former  case  the  original  volume  of  the  gas  remains  unaltered,  in 
the  latter  it  is  diminished  one  half. 

3.  Carbon.    C.    Atomic  weight,  12. 

One  of  the  most  widely  spread  of  the  elements.  In  the  uncora- 
bined  state  it  is  found  native  in  two  modifications,  differing  most 
widely  in  their  physical  properties :  the  crystalline,  as  the  diamond; 
and  the  amorphous,  as  graphite  or  blacklead,  and  anthracite. 
Amorphous  carbon  is  always  black.  Only  the  amorphous  modifi- 
cation can  be  prepared  artificially ;  e.  g.  soot,  charcoal,  &c.  In 
combination  with  other  elements  carbon  is  of  the  most  frequent 
occurrence  in  nature.  It  is  a  constituent  of  all  organic  bodies, 
without  exception :  as  carbonic  anhydride,  it  occurs  in  the  atmo- 
sphere ;  as  carbonic  acid,  in  all  springs  and  mineral  waters ;  and, 
in  many  minerals,  in  combination  with  calcium,  barium,  magne- 
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sium,  iron,  and  other  metals.  The  characteristic  properties  of 
carbon  are,  its  insolubility  in  acids  or  alkalis,  its  absolute  resist- 
ance to  the  action  of  heat  in  a  closed  vessel,  and  its  combustion  to 
carbonic  anhydride  when  heated  in  contact  with  oxygen.  AVhen 
fused  with  saltpetre,  its  combustion  takes  place  with  a  violent 
explosion.  Every  carbon  compound,  Avlien  heated  to  redness 
with  oxide  of  copper  or  Chromate  of  lead,  gives  off  cai'bonic  anhy- 
dride, which  may  be  recognised  by  means  of  lime-water  or  acetate 
of  lead,  and  is  completely  absorbed  by  caustic  potash. 

Oxides  and  Acids  op  Carbon,  a.  Carbonic  Anhydride,  CO'^. — 
A  colourless  condensible*  gas,  having  a  slightly  pungent  smell ; 
considerably  heavier  than  atmospheric  air.  It  is  somewhat  soluble 
in  water;  the  solution  reddens  litmus-paper,  but  not  permanently; 
it  gives  o{F  most  of  the  dissolved  anhydride  on  standing  for  a  time, 
and  the  whole  on  the  application  of  heat. 

b.  Carbonic  Acid,  CO^II^.  —  An  aqueous  solution  of  carbonic 
acid,  gives  with  lime-  or  baryta-icater,  a  white  precipitate, 
soluble  in  excess  of  carbonic  acid.    These  are  the  reactions  gene- 
rally employed  for  the  detection  of  carbonic  acid  in  mineral  waters. 
Acetate  of  lead  gives  a  white  precipitate  in  very  dilute  solutions 
of  carbonic  acid.    Carbonic  acid  is  readily  absorbed  by  caustic 
potash,  whether  in  the  solid  state  or  in  solution.    The  only  normal 
carbonates  that  are  soluble  in  water  are  those  of  the  alkaline  metals : 
their  solution  has  an  alkaline  reaction,  and  gives  precipitates  with 
the  salts  of  all  other  metals.    Some  normal  carbonates  (tliose  of 
the  metals  of  the  alkaline  earths,  magnesium,  iron,  and  manganese) 
are  soluble  in  free  carbonic  acid,  being  converted  into  acid  car- 
bonates: on  heating  the  solutions,  a  precipitate  of  a  normal  or 
basic  salt  is  formed.    With  solutions  of  normal  carbonates,  salts  of 
calcium,  barium,  magnesium,  lead,  and  silver  give  a  white,  chlo- 
ride of  mercury,  a  brick-red,  precipitate,  even  in  very  dilute  solu- 
tions :  all  these  precipitates  are  readily  soluble  in  nitric  or  acetic 
acid.    The  normal  carbonates  of  barium,  strontium,  calcium,  and 
magnesium  are  all  more  or  less  soluble  in  chloride  of  ammonium, 
especially  on  heating:  carbonate  of  magnesium  is  not  reprecipitated 

*  A  gas  is  said  to  be  condensibJe  when  it  can  be  liquefied  by  pressure  and 
cold.    Gases  which  cannot  be  so  liquefied  are  called  permanent. 
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from  this  solution  by  free  ammonia.  A  solution  of  an  acid  car- 
bonate gives  no  precipitate  -with  sulphate  of  magnesium:  with 
chloride  of  mercury,  a  gradual  white  precipitate.  A  very  dilute 
solution  of  a  calcium-iiL\t  is  not  precipitated  by  an  alkaline  acid 
carbonate.  Salts  of  aluminium  and  sesquisalts  of  ii'on  ai'e  preci- 
pitated by  acid  carbonate  of  sodium. 

Solid  carbonates,  as  well  as  their  solutions,  when  not  too 
dilute,  are  easily  recognised  by  their  being  decomposed  ivith  effer- 
vescence by  strong  acids,  (c)  The  gas  evolved  is  almost  destitute 
of  smell,  and  gives  a  white  precipitate  when  led  into  lime-water  or 
acetate  of  lead.  Other  salts,  as  sulphites  and  sulphides,  are  simi- 
larly decomposed  with  etFervescence  by  acids  :  but  the  gases  evolved 
in  these  cases  have  a  peculiar  and  characteristic  smell.  Cyanates 
also  evolve  carbonic  anhydride  when  treated  with  acids ;  but  the 
gas  in  this  case  is  always  accompanied  by  the  penetrating  smell  of 
cyanic  acid,  and  the  residue  contains  an  ammonium-salt.  Some 
native  carbonates  (e.  </.  spathic  iron-ore  and  dolomite)  are  not  thus 
decomposed  by  acids  without  the  application  of  heat. 

The  normal  carbonates  of  potassium  and  sodium  are  not  decom- 
posed by  the  strongest  heat.  The  carbonates  of  barium  and 
strontium  require  the  strongest  white  heat  for  their  decomposition, 
and  the  carbonate  of  calcium  a  strong  red  heat.  These  carbonates 
are  decomposed  at  a  much  lower  temperature  if  any  free  carbon 
or  organic  matter  be  present,  carbonic  oxide  being  formed.  All 
other  carbonates  are  easily  decomposed  by  heat,  carbonic  anhy- 
dride being  evolved,  and  metallic  oxides  left. 

Estimation  of  Carbojiic  Acid.  —  Carbonic  acid  is  estimated  in 
solid  carbonates,  by  the  loss  of  weight  which  they  undergo  when 
decomposed  by  a  not  too  dilute  acid,  in  an  apparatus  which  admits 
of  accurate  weighing,  and  ensures  the  perfect  drying  of  the 
carbonic  anhydride  evolved  (p.  233).  The  carbonic  acid  dissolved 
in  mineral  waters  is  estimated  by  precipitating  it  by  a  mixture 
of  chloride  of  calcium  and  ammonia,  and  weighing  the  resulting 
carbonate;  or  volumetrically  by  means  of  solution  of  litmus,  and 
a  standard  solution  of  an  alkali.  From  a  gaseous  mixture  of 
carbonic  anhydride  with  sulphurous  anhydride  and  sulphuretted 
hydrogen,  the  two  latter  may  be  entirely  removed  by  means  of 
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peroxide  of  lead,  peroxide  of  manganese,  or  oxide  of  mercury; 
these  substances  may  be  taken  up  moist  on  the  end  of  a  glass  rod 
or  a  platinum  Avire,  dried,  and  introduced  into  the  gaseous  mix- 
ture. Or  the  sulphurous  anhydride  may  be  removed  by  a  con- 
centrated solution  of  bichromate  of  potassium  mixed  with  sulphuric 
acid ;  and  the  sulphuretted  hydrogen  by  sulphate  of  copper. 
Carbonic  anhydride  is  easily  separated  from  most  remaining 
gases  by  means  of  caustic  potash,  by  which  it  is  completely 
absorbed. 

c.  Carbonic  Oxide,  CO.  —  Formed  by  the  imperfect  oxidation 
of  carbon,  or  the  deoxidation  of  carbonic  anhydride.  A  colourless 
gas,  burning  with  a  blue  flame.  It  is  absorbed  by  fused  potassium^ 
by  a  solution  of  siihchloride  of  copper  in  ammonia,  or  by  sub- 
sulpliite  of  copper.  2  volumes  of  carbonic  oxide  exploded  with 
1  volume  of  oxygen,  form  2  volumes  of  carbonic  anhydride. 

Hydrides  of  Carbon.  Hydrocarbons.  —  These  compounds, 
which  are  very  numerous,  properly  belong  to  organic  chemistry. 
There  are,  however,  two  of  them  which  are  frequently  met  with  in 
gaseous  mixtures,  with  the  properties  of  which  the  student  must 
early  be  acquainted,  for  which  reason  they  are  mentioned  here. 

a.  Oleßant  Gas,  C^H'*.  —  A  colourless  gas,  which  burns  with 
a  very  brilliant  flame.  It  is  entirely  absorbed  by  fuming  sul- 
phuric acid.  When  mixed  with  an  equal  volume  of  chlorine, 
combination  takes  place,  even  in  the  dark,  an  oily  liquid  being 
formed,  C2H*C12. 

b.  Marsh  Gas  (light  carburetted  liydrogen),  CH"*.  —  A  colour- 
less gas,  burning  with  a  feeble  blue  flame.  It  is  not  absorbed  by 
fuming  sulphuric  acid.  In  presence  of  water  it  does  not  combine 
with  chlorine  in  the  dark ;  but  the  access  of  light  determines  the 
combination,  carbonic  anhydride  being  formed.  1  volume  of 
marsh  gas  exploded  with  2  volumes  of  oxygen  forms  water,  and 
1  volume  carbonic  anhydride. 

Of  the  vast  number  of  acids  containing  carbon,  which  are 
included  under  the  general  name  of  organic  acids,  only  a  few  are 
of  sufiicient  importance  as  reagents,  to  call  for  mention  in  a  work 
on  analysis.  They  Avould  naturally  come  under  this  section,  but 
as  it  is  well  that  the  student  should  first  become  familiar  with 


PART  I. 


SULPHUR. 


15 


the  common  mineral  acids,  the  reactions  of  the  more  important 
organic  acids  will  not  be  treated  of  till  the  close  of  this  part. 

4.  Sulphur.    S.    Atomic  weight,  32. 

Sulphur  is  found  in  nature  both  free  and  combined :  in  the 
former  state  it  is  commonly  a  volcanic  product,  and  is  frequently 
crystalline  ;  in  the  latter,  it  occurs  as  hydrosulphuric  acid  in 
mineral  waters;  in  combination  with  metals,  as  metallic  sulphides 
(pyrites,  galena,  cinnabar,  &c.);  and  combined  with  metals  and 
oxygen,  as  metallic  sulphates. 

Acids  axd  Oxides  of  Sulphur,  a.  Hydrosulphuric  Acid 
(sulphuretted  hydrogen),  SIP.  Metallic  Sulphides.  —  Hydrosul- 
phuric acid  is  a  colourless  condensible  gas,  possessing  a  charac- 
teristic smell,  resembling  that  of  rotten  eggs ;  it  burns  with  a 
blue  flame.  Cold  water  absorbs  about  three  times  its  volume  of 
the  gas,  the  solution  (sulphuretted  hydrogen  watei-)  is  gradually 
decomposed  by  contact  with  the  air,  losing  its  smell  and  depositing 
sulphur  (Sir-  +  0=0H2-|-S).  Both  the  gas  and  the  solution 
redden  litmus  feebly.  With  most  metallic  oxides,  hydrosulphuric 
acid  (both  in  the  wet  and  dry  way)  forms  water  and  metallic 
sulphides:  the  latter  have  very  frequently  a  characteristic  colour 
(Sil- +  0M2= SM2  +  OIP). 

Tlie  compounds  of  sulphur  with  the  alkaline  and  alkaline- 
earthy  metals,  are  soluble  in  water ;  those  with  the  heavy  metals 
are  insoluble.  Some  few  sulphides  part  with  their  sulphur  Avhen 
heated  in  a  closed  vessel  (sulphides  of  gold  and  platinum) :  some 
higher  sulphides  (bisulphide  of  iron,  pentasulphide  of  antimony) 
part  with  a  portion  of  their  sulphur.  All  sulphides,  when  heated 
in  the  air,  give  off  sulphurous  anhydride ;  the  residue  in  some 
cases  is  the  metal  (silver) ;  in  others,  a  metallic  oxide  (tin,  anti- 
timony,  bismuth,  molybdenum)  ;  in  others,  a  metallic  sulphate 
(the  alkaline  and  alkaline-earthy  metals,  copper,  lead,  8cc.). 
Some  metallic  sulphides  are  soluble  in  dilute  hydrochloric  acid 
with  evolution  of  hydrosulphuric  acid  (sulphides  of  the  alkaline 
and  alkaline-earthy  metals,  iron,  manganese,  zinc,  uranium); 
others  require  concentrated  hydrochloric  acid  for  their  solution 
(sulphides  of  nickel,  cobalt,  antimony,  lead);  others  are  insoluble 
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even  in  concentrated  hydrocliloric  acid  (sulphides  of  arsenic, 
copper,  mercury,  gold,  platinum,  &c.).  All  sulphides  (except 
sulpliide  of  mercury)  are  decomposed  by  digestion  with  con- 
centrated nitric  acid,  aqua-regia,  or  hydrochloric  acid  and  chlorate 
of  potassium,  with  foi'mation  of  sulphuric  acid,  and  a  metallic 
oxide  or  chloride,  and,  in  case  the  acid  be  not  sufficiently  con- 
centrated or  the  digestion  not  continued  long  enough,  separation 
of  sulphur.  Sulphide  of  mercury  is  not  decomposed  by  pure 
nitric  acid,  but  readily  by  aqua-regia;  sulphide  of  lead  is  con- 
verted by  nitric  acid  into  sulphate  of  lead,  sulphide  of  tin  into 
binoxide  of  tin,  sulphide  of  antimony  into  antimonic  oxide  or 
anhydride  (  see  p.  7,  Nitric  Acid).  When  heated  in  a  current 
of  chlorine,  all  sulphides  are  converted  into  metallic  chlorides 
and  chloride  of  sulphur. 

The  sulphides  soluble  in  water  are  distinguished  into  proto- 
or  mono-sulpJiides  (K-S,  (NH'*)^S,  Ba^S),  hydrosulphates  (KHS, 
NH^IS,)  and  polymlphides  (K'-^S^  (NH4)2S'^).  The  aqueous 
solution  of  the  two  first  is  colourless,  and  Avlien  treated  with  acids 
gives  oif  hydrosulphuric  acid  without  any  separation  of  sulpliur; 
that  of  the  last  is  yellow,  or  yellowish-brown,  and  Avhen  treated 
with  acids  gives  off  hydrosulphuric  acid,  and  deposits  sulphur. 
With  protosulphate  of  manganese,  soluble  monosulphides  give  a 
precipitate  of  sulphide  of  manganese,  without  evolution  of  hydro- 
sulphuric acid ;  hydrosulphates  with  the  same  reagent  evolve 
hydrosulphuric  acid  (S0'»Mn2  ^  2SKH  =  SO^K^  +  8Mn2  +  SH^). 
All  soluble  sulphides  (and  some  of  tliem  which  are  insoluble) 
rapidly  absorb  oxygen  from  the  air,  and  are  decomposed.  The 
decomposition  goes  tlirough  several  stages;  a  polysulphide  is  first 
formed,  then  a  hyposulphite,  and  finally,  in  most  cases,  a  sulphite 
and  a  sulphate. 

(c)  The  pi'esence  of  hydrosulphuric  acid,  or  of  a  soluble  sul- 
phide, is  at  once  detected,  either  in  a  neutral,  acid,  or  alkaline 
solution,  by  the  black  precipitate  of  sulphide  of  lead  which  it 
gives  with  any  Zmc?-salt :  if  the  smallest  trace  of  hydrosulphuric 
acid  be  present  in  a  gaseous  mixture,  a  piece  of  paper  moistened 
with  acetate  of  lead,  and  exposed  to  the  gas,  is  covered  with  a 
black  or  dark-brown  shining  film  of  sulphide  of  lead.  Hydro- 
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sulphuric  acid  is  entirely  absorbed  by  a  solution  of  potash  or 
ammonia. 

(c)  JSitroprtcsside  of  Sodium  produces  no  change  of  colour  in 
sulphuretted  hydrogen  water,  or  in  any  acid  solution  containing 
hydrosulphuric  acid:  but  if  the  smallest  trace  of  a  soluble  sulphide 
be  present,  this  reagent  gives,  even  in  presence  of  free  hydrosul- 
phuric acid,  a  magnificent  purple  colour,  which  disappears  after 
some  time.  This  is  the  best  test  for  determining  whether  a  solu- 
tion contains  a  soluble  sulphide,  as  well  as  free  hydrosulphuric 
acid.  The  coloration  is  not  immediately  destroyed  even  by  vei"y 
great  dilution. 

Estimation  of  Ilz/drosulphuric  Acid. — An  akoholic  solution  of 
iodine,  or  better,  an  aqueous  solution  of  iodine  in  iodide  of  po- 
tassium, immediately  decomposes  hydrosulphuric  acid  Avith  for- 
mation of  hydriodic  acid  and  sulphur,  which  latter  causes  a 
milkiness  in  the  solution  (T-  -|-  SH^  =  2IH  +  S).  If  an  iodine 
solution  of  known  strength  be  employed,  and  a  little  starch  added 
to  the  solution  under  examination,  the  appearance  of  a  blue  colour 
indicates  with  certainty  the  exact  point  at  which  all  the  hydro- 
sulphuric acid  is  decomposed:  and  the  amount  of  that  acid  pre- 
sent may  be  calculated  from  the  quantity  of  iodine  solution  used. 
Soluble  sulphides  behave  with  iodine  exactly  like  hydrosulphuric 
acid.  If  the  solution  be  alkaline,  it  must  be  neutralised  with 
acetic  acid  before  adding  the  iodine  solution.  Hydrosulphuric 
acid  is  also  decomposed  by  chlorine,  bromine,  sulphurous,  hypo- 
chlorous,  nitrous,  iodic,  and  chromic  acids,  and  sesqiiisalts  of  ir07i, 
sulphur  being  separated,  and  generally  a  suli)hate  formed. 

The  general  method  of  estimating  the  sulphur  in  metallic  sul- 
phides is  to  oxidise  it  completely  by  digestion  with  aqua-regia,  or 
fuming  nitric  acid,  and  to  precipitate  the  sulphuric  acid  formed 
by  chloride  of  barium  (p.  211). 

Blowpipe  reactions  {see  p.  24). 

b.  Sulphuric  Anhydride,  SO^.— A  white  crystalline  feathery 
solid,  resembling  asbestos  in  appearance;  giving  off  white  suffo- 
cating fumes  on  contact  with  the  air.  It  is  very  readily  soluble 
in  water  with  great  evolution  of  heat.  Combined  with  one  atom 
of  water  it  forms 
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c.  SulpJluinc  Acid,  SO'il-. — An  oily  colourless  heavy  liqind, 
powerfully  corrosive,  boiling  at  327°.  It  is  soluble  in  water  in 
all  proportions:  the  combination  is  attended  with  great  heat.  It 
is  so  hygroscopic  (i.  e.  has  so  strong  a  tendency  to  take  up  water) 
that  it  is  employed  to  dry  substances  Avhich  will  not  bear  an 
elevation  of  temperature.  It  is  the  most  powerful  acid  with 
Avhich  we  are  acquainted,  and  in  the  wet  way  will  displace  all 
other  acids  from  their  salts.  It  is  bi basic;  and  therefore  forms 
acid  as  well  as  normal  salts  (p.  6). 

All  normal  and  acid  sulphates  (with  the  few  following  excep- 
tions) are  soluble  in  water:  basic  sulphates  are  insoluble  in  water, 
soluble  in  dilute  acids.  Sulphate  of  barium  is  entirely  insoluble 
in  water  or  dilute  acids:  sulphate  of  calcium  is  difficultly  soluble 
in  water  (in  500  parts);  sulphate  of  strontium  still  less  soluble 
(in  9000  parts);  and  sulphate  of  lead  still  less  (in  22,000  parts), 
(c)  The  best  reagent  for  the  detection  and  estimation  of  sul- 
phuric acid  in  solutions  is  chloride,  or  nitrate  of  barium,  either  of 
which  gives  a  white,  finely  divided  pi'ccipitate  of  sulphate  of 
barium  (SO^^Ba^),  which  is  very  slightly  soluble  in  concentrated 
nitric  or  hydrochloric  acids.  The  solution  of  the  sulphate  should 
first  be  acidulated  with  hydrochloric  acid.  Care  must  be  taken 
not  to  have  too  much  free  nitric  or  hydrochloric  acid  present; 
for,  as  chloride  and  nitrate  of  barium  are  much  less  soluble  in 
strong  acids  than  they  are  in  water,  their  addition  to  a  strongly 
acid  solution  might  cause  a  precipitate,  even  if  no  sulphuric 
acid  were  present.  When,  therefore,  eitlier  of  these  reagents 
causes  a  pi-ecipitate,  excess  of  water  should  be  added,  which  will 
at  once  dissolve  any  chloride  or  nitrate  of  barium  that  may  be 
precipitated,  but  will  not  dissolve  the  sulphate.  If  the  amount 
of  sulphate  present  be  very  minute,  the  solution  (especially  if  it 
contains  nitric  acid)  should  be  allowed  to  stand  some  time  after 
the  addition  of  the  barium-salt.  If  sulphate  of  barium  be  preci- 
pitated from  a  solution  containing  a  nitrate,  it  generally  cai'ries 
doAvn  with  it  some  nitrate  of  barium,  which  cannot  be  entirely 
removed  by  washing  with  water.  In  such  cases,  therefore,  in 
quantitative  analysis,  the  precipitate  must  be  ignited  (in  order 
to  decompose  the  nitrate),  moistened  with  hydrochloric  acid,  and 


PART  I. 


SÜLPHUK. 


19 


washed  till  it  is  quite  iree  from  chloride  of  barium.  Freshly 
precipitated  sulphate  of  barium  is  very  apt  to  pass  through  the 
filter:  this  may  generally  be  obviated  by  heating  the  solution 
with  the  precipitate  some  time  before  filtering.  This  reaction 
distinguishes  sulphuric  acid  from  all  other  acids,  except  selenic 
and  fiuosilieic  acids,  which  also  form  barium-salts  insoluble  in 
water  and  dilute  acids.  Sulphate  of  barium  is  however  easily 
distinguished  from  selenate  and  fluosilicate  by  the  following 
reactions.  Selenate  of  barium  is  decomposed  when  heated  with 
concentrated  hydrochloric  acid,  chlorine  being  evolved  and  se~ 
lenous  acid  formed;  also  by  ignition  in  a  current  of  hydrogen, 
selenide  of  barium  being  formed,  which  is  readily  soluble  in 
hydrochloric  acid.  Fluosilicate  of  barium,  when  heated  with 
strong  sulphuric  acid,  evolves  hydrofluoric  acid,  which  is  readily 
recognised  by  its  corrosive  action  on  glass.  Sulphate  of  barium 
is  not  affected  by  any  of  these  reagents. 

Sulphates  are  mostly  insoluble  in  alcohol :  the  addition  of 
alcohol  ensures  the  complete  precipitation  of  calcium-,  strontium-, 
and  lead-salts  by  sulphuric  acid.  Sulphate  of  lead  is  less  soluble 
in  Avater  containing  sulphuric  acid,  than  in  pure  water,  requiring 
36,000  parts  of  the  former.  The  sulphates  of  the  alkaline  and 
alkaline-earthy  metals  and  lead,  are  not  decomposed  by  heat: 
all  other  sulphates  are  decomposed  by  heat,  giving  off  sulphuric 
anhydride,  or  sulphurous  anhydride  and  oxygen,  according  to 
the  nature  of  the  metal.  All  sulphates  are  decomposed  when 
heated  with  charcoal ;  the  sulphates  of  the  alkaline  and  alkaline- 
earthy  metals  (and  lead)  being  reduced  to  sulphides,  and  the 
other  sulphates  evolving  sulphurous  anhydride.  Those  sulphates 
which  are  insoluble  in  water  and  acids  arc  entirely  decomposed 
by  fusion  with  an  alkaline  carbonate,  (SO*  Ba*  +  CO^Na^  =  SO"* 
Na2  +  CO^Ba^).  The  fused  mass  should  be  treated  with  hot 
water  (not  with  acids),  filtered,  and  the  filtrate  saturated  with 
hydrochloric  acid,  when  the  addition  of  chloride  of  barium  will 
show  the  presence  of  sulphuric  acid.  The  sulphates  of  strontium 
and  calcium  are  entirely  decomposed  by  carbonate  of  ammonium 
in  the  cold:  sulphate  of  barium  is  not  attacked  by  it. 

Bloivpipe  reactions  {see  p.  24). 
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d.  Sniphurous  Anhydride,  SO^.  —  Tlie  only  product  of  the 
combustion  of  sulpliur  in  the  air.  It  is  also  formed  by  the  igni- 
tion of  metallic  sulphides,  by  the  deoxidation  of  sulphuric  acid  by 
charcoal,  organic  compounds,  and  several  metals,  &c.  It  is  at  the 
ordinary  temperature  a  colourless  gas,  with  a  characteristic  smell, 
Avhich  is  familiar  to  every  one  as  that  caused  by  burning  sulphur. 
It  is  readily  soluble  in  water,  formin"; 

e.  Sulphurous  Acid,  SO^H"'  (bibasic). — Its  solution  is  very 
unstable,  giving  off  sulphurous  anhydi-ide  even  at  the  common 
temperature. 

The  only  normal  sulphites  that  are  soluble  in  water,  are  those 
of  the  alkaline  metals:  those  which  are  insoluble  in  water  are 
readily  soluble  in  sulphurous  or  hydrochloric  acids.  Solutions  of 
sulphites  when  exposed  to  the  air  absorb  oxygen,  and  are  con- 
verted into  sulphates.  When  heated  Avith  concentrated  nitric 
acid,  or  treated  with  chlorine,  hypochlorous  acid,  or  iodine,  tliey 
are  immediately  converted  into  sulphates  without  separation  of 
sulphur.  All  sulphites,  whether  solid  or  in  solution,  when  treated 
with  a  strong  acid  (sulphuric  acid  is  best),  evolve  sulphurous 
anhydride,  which  is  easily  recognised  by  its  smell:  in  the  case  of 
a  solid  sulphite,  or  a  concentrated  solution,  the  gas  escapes  with 
effervescence.  In  this  reaction  there  is  no  separation  of  sulphur, 
(c)  Chloride  of  barium  gives  with  sulphites  a  Avhite  finely 
divided  precipitate  of  sulphite  of  barium,  insoluble  in  water, 
readily  soluble  in  hydrochloric  acid:  on  the  addition  to  this  solu- 
tion of  hypochlorite  of  sodium,  chlorate  of  potassium,  chlorine- 
water,  or  iodine,  sulphate  of  barium  is  at  once  precipitated.  This 
reaction  distinguishes  sulphurous  from  carbonic  acid.  Acetate  of 
lead  gives  a  white  precipitate  of  sulphite  of  lead,  readily  soluble 
in  dilute  nitric  acid,  (c)  Nitrate  of  silver  gives  a  white  preci- 
pitate of  sulphite  of  silver,  which  blackens  on  heating,  owing  to 
the  reduction  of  metallic  silver;  the  solution  then  contains  sul- 
phuric acid.  Suhnitrate  of  mercury  gives  a  grey  precipitate  of 
metallic  mercury. 

Sulphurous  acid  is  a  powerful  reducing  agent :  it  precipitates 
metallic  gold  from  terchloride  of  gold,  reduces  chromic  acid  to 
green  sesquioxide  of  chromium,  arsenic  acid  by  long  digestion  to 
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arsenious  acid,  sesquisalts  of  iron  to  protosalts,  telluroiis  and 
sclenous  acids  to  metallic  tellurium  and  selenium,  &c.  Metallic 
zinc  is  dissolved  by  sulphurous  acid  without  any  evolution  of  gas, 
sulphite  and  hyposulphite  of  zinc  being  formed  (Zn^  +  3S02ir'^  = 
S03Zn2-|-S-0'^'Zu2  +  30ir-):  if  hydrochloric  acid  be  present, 
hydrosulplmric  acid  is  evolved,  and  may  be  detected  by  paper 
moistened  with  acetate  of  lead.  By  this  reaction  the  smallest 
traces  of  sulphurous  acid  may  be  detected  (in  hydrochloric  acid, 
kc).  Most  of  the  following  sulphur-acids  exhibit  the  same  re- 
action. Aqueous  sulphurous  acid  is  decomposed  by  hydrosul- 
})huric  acid,  pentathionic  acid  being  formed  and  sulphur  deposited 
(öS  112  +  ÖSO^IP^  vS-50«lI-  +    +  9ÜH2). 

When  a  solution  of  sulphurous  acid  is  heated  with  chloride 
of  tin  and  hydrochloric  acid,  yellow  sulphide  of  tin  is  gradually 
precipitated :  this  reaction  is  rendered  more  delicate  by  the 
addition  of  a  drop  of  a  soluble  copper-salt,  owing  to  the  forma- 
tion of  black  sulphide  of  copper.  In  this  reaction  a  piece 
of  paper  moistened  Avith  acetate  of  lead  should  be  held  to  the 
moutli  of  the  tube,  since  the  hydrosulphuric  acid  is  frequently 
evolved  in  the  free  state.  Sulphurous  anhydride  is  readily  and 
completely  absorbed  by  peroxide  of  lead,  sulphate  of  lead  being 
formed  (Pb^OH  SO^^  S0n'b2).  If  a  glass  rod  moistened  with 
solution  of  starch  and  iodate  of  potassium  be  introduced  into  a 
gaseous  mixture  containing  sulphurous  anhydride,  blue  iodide  "of 
starch  is  at  once  formed. 

Most  sulphites  are  decomposed  by  heat  into  a  sulphate  and  a 
sulphide  (4S03K2  =  3S04K"'^  +  SK2)  :  the  earthy  sulphites  give 
off  sulphurous  anhydride,  a  metallic  oxide  being  left. 

Estimation  of  Sulphurous  Acid. —  Sulphurous  acid  is  the  only 
oxygen  compound  of  sulphur  which  (completely  in  very  dilute 
solutions  not  containing  more  than  0-04  p.  c.  of  acid)  is  converted 
by  iodine  into  sulphuric  acid  (SO^H^  +  IPO +  I2  =  S0^IP +  2III). 
This  reaction  serves  not  only  for  the  detection,  but,  by  the  use  of 
a  standard  iodine  solution,  for  the  volumetric  estimation  of 
sulphurous  acid. 

Sulphurous  acid  may  also  be  oxidised  into  sulphuric  acid,  and 
estimated  as  sulphate  of  barium. 
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Bloiopipe  reactions  (see  p.  24). 

f.  Hi/posulphurous  Acid  (Dithionous  acid),  S-O^H^. —  Formed 
by  the  digestion  of  a  suljjhite  with  sulpliur :  by  the  oxidation  ot' 
soluble  sulphides  in  contact  with  the  air:  by  dissolving  sulphur 
in  a  solution  of  an  alkaline  hydrate,  when  a  metallic  sulphide  is 
formed  simultaneously.  It  is  so  unstable  an  acid  that  it  cannot 
be  obtained  in  the  free  state,  for  its  aqueous  solution  is  decom- 
posed spontaneously  (if  dilute,  slowly,  if  concentrated,  immediately) 
into  sulphurous  acid  and  sulphur,  the  latter  of  which  separates 
out  (S203H-'=S03IF  +  S). 

Most  hyposulphites  are  soluble  in  water :  the  barium-salt  is  diffi- 
cultly soluble.    Their  solutions  give  with  proto-salts  of  mercury, 
salts  of  Zmc/and  silver,  white  precipitates  of  metallic  hyposulphites, 
which  speedily  become  yellow,  brown,  and  black,  especially  if  heat 
be  applied,  owing  to  the  decomposition  of  the  hyposulphite  and 
formation  of  a  metallic  sulphide,  sulphuric  acid  remaining  in 
solution  (S^OSAg-'  +  0H2=:  Ag2S  +  SO^W).    With  chloride  of  tin 
they  give  a  brown,  with  suhnitrate  of  mercury  a  black,  jirecipi- 
tate  of  metallic  sulphide.    Solutions  of  hyposulphites  dissolve 
chloride  of  silver,  subchloride  of  mercui'y,  and  sulphate  of  lead, 
(c)  When  heated  with  hydrochloric  acid,  hyposulphites  evolve 
sulphurous  anhydride  and  deposit  sulphur,  which  in  this  case  is 
yellow,  not  white,  as  it  usually  is  when  separated  from  solutions 
by  chemical  action.     When  treated  with  iodine  they  form  a 
metallic  iodide  and  a  tetrathionate  (2S203Ba2-|-I-'=S''0<'Ba2  + 
2IBa.)     These  two  reactions  distinguish  hyposulphurous  from 
sulphurous  acid.    When  treated  with  hypochlorite  of  sodium,  or 
chlorine,  hyposulphites  are  completely  oxidised  into  sulphates, 
even  at  the  ordinary  temperature  (S203Na2-j-CP  +  50I-P  =  2SO^ 
Nall  +  SCIH).  All  hyposulphites  arc  decomposed  by  heat:  those 
of  the  alkaline  metals  into  a  polysulphide  and  a  sulphate  (48^0^ 
Iv2=:S^K2-|-3SO*K2) :  others  into  sulphides  or  sulphates,  with 
evolution  of  sulphurous  anhydride,  owing  to  the  combustion  of 
separated  sulphur.  With  zinc  and  hydrochloric  acid  hyposulphites 
behave  like  sulphites. 

In  order  to  detect  hyposulphurous  acid  in  presence  of  hydro- 
sulphuric  acid  or  a  soluble  sulphide,  the  solution  is  made  neutral 
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and  precipitated  by  a  zinc  salt,  the  sulphide  of  zinc  filtered  off, 
and  the  filtrate  tested  for  hyposulphurous  acid. 
Blowpipe  reaclions  {see  p.  24). 

g.  Ht/posulphuric  Acid  (Ditliionic  acid),  S^O^  H^. — Formed 
by  the  action  of  binoxide  of  manganese  on  an  aqueous  solution  of 
sulphurous  acid,  a  sulphate  being  always  formed  simultaneously 
(2  Mn-02  +  3S0^'IP  =  S^O^Mn^  +  SO^Mn^  +  30IP). 

All  liyposulphates  are  soluble  in  water  ;  hence,  their  solutions 
are  not  precipitated  by  any  reagents.  When  treated  with  hypo- 
chlorite of  sodium  m  the  cold,  their  solutions  are  not  oxidised 
into  sulphates  ;  but  when  heated  with  nitric  acid,  or  hydrochloric 
acid  and  chlorate  of  potassium,  they  are  completely  oxidised  into 
sulphates.  When  heated  with  a  non-oxidising  mineral  acid  (sul- 
phuric acid  is  best)  they  are  decomposed,  a  sulphate  being  formed 
and  sulphurous  anhydride  evolved,  but  no  sulphur  separated : 
with  solid  liyposulphates,  concentrated  sulphuric  acid  effects  this 
decomposition  in  the  cold.  In  the  dry  way,  they  are  decomposed 
by  heat  in  precisely  the  same  manner. 

Hyposulphuric  acid  is  distinguished  from  sulphuric  and  sul- 
phurous acids,  by  the  solubility  of  its  barium-salt ;  from  hyposul- 
phurous and  the  other  polythionic  acids,  by  its  not  separating 
sulphur  when  decomposed  by  acids,  and  by  its  giving  no  precipi- 
tate with  salts  of  silver  or  mercury. 

h.  Besides  those  above  enumerated,  there  are  other  acids  formed 
by  the  combination  of  sulphur,  oxygen,  and  hydrogen.  They  are 
trithioiiic  acid,  S'K)*'!!'^  ;  tetrathionic  acid,  S^O^'H^  ;  and  penta- 
thionic  acid,  S'^O^IP.  These  acids  resemble  each  other  consider- 
ably in  their  reactions  ;  but  as  they  are  very  rare  acids,  that 
would  never  be  met  with  in  actual  analysis,  it  is  not  necessary,  in 
a  practical  work,  to  do  more  than  indicate  their  existence.  These 
acids,  together  with  dithionous  and  dithionic  acids,  form  the  series 
called  polijthionic  acids,  i.  e.  acids  containing  more  than  one 
atom  of  sulphur. 

All  polytliionates  are  decomposed  when  heated  with  cyanide  of 
mercury,  hydrocyanic  acid  being  evolved.  In  the  case  of  dithi- 
onites  (hyposulphites),  1  atom  of  sulphide  of  mercury  is  formed 
to  1  atom  of  sulphuric  acid  ;   in  the  case  of  all  the  rest,  1 
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atom  of  metallic  sulpliide  is  formed  to  2  atoms  of  sulphuric 
acid.  With  tetrathionates,  1  atom,  Avith  pentathionates,  2  atoms, 
of  sulphur  are  mixed  Avith  the  metallic  sulphide. 

Detection  of  Sulphur  in  the  dry  way,  and  before  the  blotvpipe. — 
Pure  sulphur,  when  heated  on  platinum  foil,  melts  and  volatilises 
entirely,  burning  with  a  blue  flame,  and  being  converted  into  sul- 
phurous anhydi'ide,  SO^,  which  is  easily  recognised  by  its  smell. 
All  the  foregoing  sulphur  compounds,  without  exception,  Avhen 
heated  on  charcoal  in  the  inner  bloAypipe  flame  Avith  carbonate  of 
sodium,  or  a  mixture  of  1  part  borax  and  2  parts  carbonate  of 
sodium,  form  sulphide  of  sodium,  Avhich  is  easily  recognised  by 
dissolving  the  fused  mass  in  Avater,  and  testing  the  solution  with 
nitroprusside  of  sodium  ;  by  treating  the  fused  mass  Avith  a  strong 
acid,  when  hydrosulphuric  acid  is  evolved  ;  or  by  moistening  the 
fused  mass  and  placing  it  on  a  clean  piece  of  metallic  silver, 
Av.hen  the  surface  of  the  silver  is  marked  with  a  black  stain  of 
sulphide  of  silver.  Any  sulphur  compound,  when  heated  on  a 
platinuni-Avire,  in  the  inner  or  reducing  flame,  Avith  a  bead  of  car- 
bonate of  sodium  saturated  Avith  silica,  gives  a  yelloAvisli  or  red- 
dish-broAvn  transparent  bead,  according  to  the  amount  of  sulphur 
contained  in  the  compound. 

For  the  detection  of  sulphur  in  organic  compounds,  the  sub- 
stance under  examination  is  fused  Avith  solid  caustic  potash  on  a 
silver  plate,  on  which,  after  the  fused  mass  is  moistened  with 
water,  a  black  stain  remains  if  sulphur  be  present.  Or  the  com- 
pound is  decomposed  by  nitric  acid,  hydrochloric  acid  and  chlo- 
rate of  potassium,  or  by  fusion  Avith  a  mixture  of  nitre  Avith  an 
alkaline  carbonate  or  hydrate  (Avhich,  of  course,  must  be  free  from 
sulphuric  acid)  ;  and  the  resulting  acid  solution  tested  for  sul- 
phuric acid  Avith  chloride  of  barium.  Many  organic  compounds  con- 
taining sulphur,  are  decomposed  by  merely  boiling  Avith  a  solution 
of  caustic  potash,  sulphide  of  potassium  being  formed,  Avhich  may 
be  detected  either  by  acetate  of  lead,  or  nitroprusside  of  sodium. 

5.  Chlorine.    CI.    Atomic  Aveight,  35*o. 

Found  principally  in  combination  wnth  sodium,  as  chloride  of 
sodium,  or  common  salt,  both  in  solution  in  sea-Avater,  and  in  the 
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solid  state  as  rock-salt.  At  the  ordinary  temperature  clilorine  is 
a  heavy  gas  of  a  yellowish  green  colour,  and  a  most  irritating 
smell :  in  presence  of  Avater  it  bleaches  litmus,  indigo,  and  other 
vegetable  colours.  It  is  readily  soluble  in  water,  forming  a  solu- 
tion possessing  the  characteristic  colour  and  smell  of  the  gas,  which 
is  commonly  called  cidorine-ioater.  This  solution  gives  with 
hydromlphnric  acid  a  precipitate  of  sulphur ;  with  nitrate  of  silver, 
chloride  and  chlorate  of  silver  ;  with  acetate  of  lead,  chloride  and 
peroxide  of  lead.  Chlorine-water  always  contains  hydrochloric  and 
hypochlorous  acids,  owing  to  spontaneous  decomposition.  Cl^  + 
Oir-  =  ClII  +  C10n.  Ilence  all  the  chlorine  cannot  be  removed 
from  chlorine-water  by  nitrate  of  silver  ;  for,  after  the  separation 
of  chloride  of  silver,  hypochlorous  acid  remains  in  solution,  and 
may  be  detected  by  its  bleaching  action  on  vegetable  colours. 

Acids  and  Oxides  of  Chloiune.  a.  Ilydrocldoric  Acid,  CIH. 
]\IetuUic  Chlorides.  —  Hydrochloric  acid  is  a  colourless  gas,  that 
fumes  in  contact  witii  the  air:  it  possesses  a  strong  acid  reaction 
and  a  suffocating  smell.  It  is  very  readily  absorbed  by  water:  a 
saturated  solution  of  it  in  water  constitutes  concentrated  hydro- 
chloric acid.  This  is  a  colourless  liquid,  fuming  strongly  on  con- 
tact with  air.  When  the  concentrated  acid  is  heated,  only  a  por- 
tion of  the  dissolved  gas  can  be  driven  off,  dilute  acid  remaining. 
AVith  all  basic  metallic  oxides,  hydrochloric  acid  foi-ms  metallic 
chlorides  and  water :  with  peroxides  (as  well  as  with  Chromates, 
chlorates,  and  hypochlorites),  it  evolves  chlorine,  especially  on 
heating  (Mn2  O^V  4ClIi  =  2MnCl  +  20H2+ Cl^) :  with  nitric  acid 
it  evolves  chlorine  (Aqua-regia,  p.  8).  Pure  hydrochloric  acid 
does  not  bleach  vesretable  colours. 

INIetallic  chlorides  differ  considerably  in  their  physical  properties. 
Some  are  liquid,  or  of  the  consistency  of  butter,  and  volatile  with- 
out decomposition  (chlorides  of  antimony,  arsenic,  tin) :  others  are 
solid,  fusible,  and  non-volatile  (chlorides  of  silver,  lead,  potassium, 
sodium,  barium):  others  are  decomposed  by  heat  into  chlorine  and 
the  metal  (chlorides  of  gold  and  platinum),  or  if  heated  in  contact 
with  air,  into  chlorine  and  the  metallic  oxide  (chloride  of  iron).  Most 
chlorides  are  soluble  in  water :  chloride  of  silver,  ClAg,  and  sub- 
chloride  of  mercury,  Clllg^,  are  insoluble ;  subchloride  of  copper, 
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ClCu-,  protoclilovides  of  gold  and  platinum,  ClAu,  ClPt,  are  almost 
insoluble ;  chloride  of  lead,  ClPb,  and  many  oxychlorides,  are 
difficultly  soluble,  (c)  Aqueous  solutions  of  chlorides  give  with 
nitrate  of  silver,  a  white  curdy  precipitate  of  chloride  of  silver, 
which  becomes  violet  by  exposure  to  light :  it  is  insoluble  in  dilute 
acids,  readily  soluble  in  ammonia,  whence  it  is  reprecipitated  by 
nitric  acid  :  even  in  the  most  dilute  solutions  nitrate  of  silver  gives 
an  opalescence.  The  solution  of  chloride  should  be  acidulated  with 
nitric  acid.  This  reaction  distinguishes  chlorides  from  all  salts, 
except  bromides,  iodides,  and  cyanides.  Suhnitrate  of  mercurxj 
gives  a  Avhite  precipitate  of  subchloride  of  mercury,  insoluble  in 
water  and  dilute  acids,  readily  soluble  in  chlorine-water  and  aqua- 
regia,  blackened  by  ammonia.  Acetate  of  lead  gives,  with  a  not 
too  dilute  solution  of  a  chloride,  a  white  crystalline  precipitate 
of  chloride  of  lead,  soluble  on  boiling  with  excess  of  water,  from 
which  solution  it  crystallises  on  cooling.  When  heated  with  sul- 
phuric acid,  chlorides  give  off  hydrochloric  acid  gas  (2ClNa  + 
SOnP  =  S04Na2  +  2ClH):  only  the  chlorides  of  mercury,  silver, 
lead,  and  tin  are  decomposed  with  difficulty  or  not  at  all  by  sul- 
phuric acid.  With  binoxide  of  manganese  and  sulphuric  acid, 
chlorides  evolve  chlorine,  easily  recognised  by  its  colour  and  smell, 
(c)  When  heated  in  the  dry  way  with  bichromate  of  potassium 
and  sulphuric  acid,  chlorides  evolve  red  fumes  of  cldorochromic 
acid,  Cr^O'^Cl^,  which  give  a  yellow  solution  when  passed  into 
water  or  aqueous  ammonia.  Bromides  when  similarly  treated  also 
evolve  red  fumes ;  but  these  form  a  colourless  solution  in  aqueous 
ammonia,  and  their  solution  in  water  is  decolorised  by  heat. 

Bloicpipe  reactions.  —  Chlorides  give  a  blue  colour  to  the  outer 
flame,  when  heated  with  a  bead  of  microcosmic  salt  (phosphate  of 
sodium,  ammonium,  and  hydrogen)  saturated  with  oxide  of  copper. 

b.  Perchloric  Acid,  C10'*II. — Formed  by  the  primary  decom- 
position of  chlorate  of  potassium  by  heat  or  by  sulphuric  acid. 
(2C103K  =  CIK  +  0^  +  ClO^K.) 

Aqueous  solutions  of  perchloric  acid  or  Perchlorates  do  not 
bleach  vegetable  colours.  All  Perchlorates  are  soluble  in  Avater  ; 
Perchlorate  of  potassium  is  the  least  soluble,  hence  a  strong  solu- 
tion of  a  Perchlorate  gives  a  crystalline  precipitate  with  a  potas- 
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sium-siilt.  This  precipitate  is  quite  insoluble  in  alcohol.  The 
alkaline  and  alkaline-earthy  Perchlorates,  are  decomposed  by  heat 
into  chlorides  and  oxygen  ;  they  explode  feebly  when  heated 
with  charcoal.  They  are  not  decomposed  by  sulphuric  acid  in 
the  cold,  or  by  heating  with  hydrochloric  acid,  or  any  dilute  acid; 
when  heated  with  strong  sulpliuric  acid,  they  are  decomposed 
with  dilhculty,  without  tlie  Ibrniation  of  any  bleaching  liquid. 
These  reactions  distinguish  perchloric  from  other  chlorine  acids. 

c.  Chloric  Acid,  ClO^II. — Formed  by  the  action  of  chlorine  on 
an  aqueous  solution  of  potash  or  soda  (SK^O  +  Cl*^  =C10^K 
4-  5C1K).  The  aqueous  solution  of  chloric  acid  is  a  colourless 
liquid,  which  first  i-eddens  and  then  bleaches  litmus  ;  it  is  decom- 
posed by  heat  into  perchloric  acid,  oxygen,  and  chlorine  ;  it  is 
readily  deoxidised  by  hydrosulphuric,  sulpliurous,  phosphorous, 
and  hydrochloric  {icids,  and  by  many  organic  compounds. 

All  chlorates  are  soluble  in  water  ;  they  cannot,  therefore,  be 
precipitated  by  any  reagent,  not  even  by  nitrate  of  silver.  Their 
aqueous  solution  does  not  bleach  litmus.  They  are  decomposed 
by  heat,  fusing  and  evolving  oxygen,  or  a  mixture  of  oxygen  and 
chlorine,  while  in  some  cases  a  chloride,  in  others  an  oxide  or 
a  basic  chloride,  remains  behind.  When  mixed  with  combustible 
bodies  (as  sulphur,  phosphorus,  carbon,  or  organic  bodies  gene- 
rally), they  explode  violently  on  heating,  rubbing  strongly,  or 
moistening  with  fuming  sulphuric  acid.  If  a  fragment  of  a 
chlorate  be  brought  into  contact  under  water  with  phosphorus 
and  strong  sulphuric  acid,  the  phospliorus  takes  fire,  (c)  When 
treated  with  strong  sul[)huric  acid,  even  in  the  cold,  chlorates 
give  a  brown  or  yellow  colour,  while  a  greenish-yellow  gas,  ClO^ 
is  evolved,  which  explodes  if  the  mixture  be  heated  (SClOTv 
4-  =  2S0^KH      ClO-'K  +  2010^  +  IPO.)  When 

chlorate  of  potassium  is  heated  with  hydrochloric  acid,  a  yellow 
solution  is  formed,  and  a  yellow  gas  evolved,  which  is  a  mixture 
of  chlorine  Avith  some  lower  oxide  of  chlorine  ;  this  gas,  which 
is  commonly  called  euchlorine,  explodes  violently  Avhen  heated. 
The  solution  is  a  powerful  oxidising  and  dissolving  medium. 

The  reducing  action  exercised  by  sulphurous  acid  on  chloric  acid, 
furnishes  a  test  for  the  distinction  of  chloric  from  perchloric  acid. 
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If  a  solution  of  a  chlorate  be  heated  with  excess  of  sulphurous 
acid,  the  addition  of  nitrate  of  silver  gives  a  white  precipitate, 
composed  of  a  mixture  of  sulpliite  and  chloride  of  silver,  Avhich 
is  not  entirely  dissolved  on  the  addition  of  nitric  acid.  Perchlo- 
rates are  not  reduced  by  sulphurous  acid  ;  hence,  if  their  solutions 
be  similarly  treated,  the  precipitate  caused  by  nitrate  of  silver, 
consisting  entirely  of  sulphite  of  silver,  is  readily  soluble  in  nitric 
acid. 

d.  Peroxide  of  Chlorine  (hypochloric  acid),  CIO'.  —  A 
greenish-yellow  explosive  gas,  possessing  a  smell  somewhat  re- 
sembling that  of  burnt  sugar.  Its  aqueous  solution  is  decomposed 
at  once  into  chloric  and  chlorous  acids  (2  CIO-  +  OIP  = 
CIO^H  +  C102II). 

e.  Chlorous  Anhydride,  Cl-0^. — Formed  by  the  action  of  nitrous 
acid,  or  of  nitric  acid  in  presence  of  arsenious  or  tartaric  acids,  on 
chlorate  of  potassium.  It  is  a  yellowish-green  gas  tliat  bleaches 
vegetable  colours,  and  is  readily  decomposed  by  heat.  It  decolorises 
permanganate  of  potassium.    It  is  readily  soluble  in  water,  forming 

f.  Chlorous  Acid,  ClO^H. — Chlorites  are  very  easily  decom- 
posed into  chlorides  and  chlorates.  Their  solution  gives  a  Avhitish 
yellow  precipitate  with  nitrate  of  silver  or  lead.  The  former  is 
soluble  in  excess  of  Avater. 

g.  Hypochlorous  Anhydride,  CPO. — A  dark  yellow  gas  resem- 
bling chlorine  in  its  smell  and  bleaching  powers  :  it  is  decomposed 
by  heat,  with  explosion,  into  chlorine  and  oxygen.  It  is  readily 
soluble  in  Avater,  forming 

h.  Hypochlorous  Acid,  ClOH. — When  dilute,  a  colourless  liquid; 
Avhen  concentrated,  it  has  a  yellow  tinge.  It  is  a  most  powerful 
bleaching  agent.  Hypochlorites  generally  occur  as  bleaching 
salts  ;  they  are  prepared  by  the  sIoav  action  of  chlorine  at  a  low 
temperature  upon  the  alkaline  or  alkaline-earthy  hydrates  (solu- 
tions of  potash,  soda,  &c.).  Thus  obtained,  they  are  ahvays  mixed 
with  metallic  chlorides  (CP  +  K20=C10K-hClK).  The  most 
familiar  example  of  a  hypochlorite  is  bleaching  poAvder,  com- 
monly called  chloride  of  lime  ;  it  is  a  mixture  of  hypochlorite, 
chloride,  and  hydrate  of  calcium.  Hypochlorites  are  very  unstable, 
being  decomposed  even  by  carbonic  acid,  Avith  liberation  of  hypo- 
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chlorous  acid.  This  property  renders  chloride  of  lime  valuable  as 
a  disinfectant. 

All  hypochlorites  are  soluble  in  water  ;  their  solution  has  a 
caustic  taste  and  a  peculiar  smell,  somewhat  resembling  that  of 
chlorine,  which  is  owing  to  free  hypochlorous  acid.  Their  solu- 
tion bleaches  litmus,  especially  if  the  hypochlorous  acid  be  set  free 
by  the  addition  of  a  mineral  acid :  it  is  also  a  powerful  oxidising 
agent.  Hypochlorites  are  decomposed  by  heat  into  chlorides  and 
chlorates,  (c)  When  treated  even  with  very  dilute  acids,  they 
evolve,  if  quite  pure,  hypochlorous  anhydride ;  if  mixed  with 
chlorides  (as  in  bleaching  powder),  chlorine  (ClCa  +  ClOCa-f 
SOMr^^SO-'Ca-'  +  OIP  +  Cl'-).  Alkaline  hypochlorites  givewith 
proto-salts  of  manganese,  a  gradual  brown  precipitate  of  peroxide 
of  manganese  ;  with  salts  of  lead,  first  a  precipitate  of  white  chlo- 
ride, then  of  brown  peroxide,  of  lead ;  with  silver-salts,  chloride  of 
silver;  with  snbsalts  of  mercury,  subchloride  of  mercury.  If  a 
solution  of  arsenious  anhydride  in  hydrochloric  acid  is  coloured  by 
a  few  drops  of  an  indigo  solution,  and  a  solution  of  a  bleaching 
salt  gradually  added,  the  indigo  is  not  decolorised  by  the  chlorine 
evolved  until  the  whole  of  the  arsenious  anhydride  has  been  con- 
verted into  arsenic  anhydride.  On  this  reaction  is  founded  a  method 
for  the  valuation  of  bleacliing  powder,  by  means  of  standard  solu- 
tions of  arsenious  anhydride  and  of  chloride  of  lime.    (  See  p.  246.) 

A  striking  analogy  will  be  perceived  between  the  above  series 
of  oxygen  compounds  of  chlorine,  and  the  corresponding  series  of 
oxides  of  nitrogen.  Nor  is  the  analogy  confined  to  the  existence  of 
the  same  terms  in  each  series  ;  but  tlie  corresponding  terms  in  each 
series  are  singularly  analogous  in  many  of  their  properties.  Thus 
we  find  chlorates  and  nitrates  ava  alike  soluble  in  water;  that 
they  are  very  readily  deoxidised,  and  so  are  powerful  oxidising 
agents,  &c.  It  is  not  difiicult,  however,  to  distinguish  between 
these  two  salts.  Chlorates  do  not  exhibit  the  reactions  with  proto- 
sulphate  of  iron,  and  sulphuric  acid  and  copper  filings,  which  arc 
characteristic  of  nitrates  :  and  alkaline  and  alkaline-earthy  chlo- 
rates yield  on  ignition  a  residue  whose  solution  is  neutral  to  test- 
paper,  and  exhibits  the  reactions  of  a  chloride,  while  the  nitrates  of 
the  same  metals  leave  an  alkaline  residue  after  ignition. 
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Ilypoclihrites  are  distinguished  from  the  higher  chlorine  acids 
by  the  bleaching  action  of  their  aqueous  solutions,  either  alone 
or  on  addition  of  the  weakest  acid. 

Chlorides  are  distinguished  from  all  other  chlorine  salts  by 
their  evolving  hydrochloric  acid  gas,  when  heated  with  sulphuric 
acid,  Avhich  reddens  litmus  strongly,  but  does  not  bleach  it  at  all. 

Detection  of  Chlorine  in  organic  compounds.  The  most  speedy 
method  for  ascertaining  the  presence  of  chlorine  in  organic  com- 
pounds consists  in  introducing  the  compound  under  examination 
into  the  flame  of  a  lamp,  when,  if  chlorine  be  present,  a  green  tinge 
will  be  given  to  the  flame.  There  are  but  few  organic  compounds  in 
which  chlorine  can  be  detected  by  means  of  nitrate  of  silver.  In 
the  great  majority  of  cases  the  compound  must  be  decomposed  be- 
fore chlorine  can  be  detected  in  it  by  this  reagent.  This  decom- 
position is  best  effected  by  heating  the  compound  to  redness  with 
quick-lime,  which  must  be  freed  from  cliloride  of  calcium  by 
washing,  and  subsequently  ignited,  when,  if  chlorine  be  present  in 
the  compound,  chloride  of  calcium  is  formed.  The  cooled  mass 
is  dissolved  in  dilute  nitric  acid,  and  the  solution  tested  with 
nitrate  of  silver.  By  employing  a  known  weight  of  the  organic 
compound,  and  determining  the  weight  of  the  chloride  of  silver 
obtained,  the  chlorine  present  may  be  accurately  estimated  by  this 
method. 

6.  Bromine.    Br.    Atomic  weight,  80. 

Bromine  is  a  dark-red  heavy  liquid  :  it  boils  at  47°,  but  at 
the  ordinary  temperature  gives  off  red  fumes  which  have  a  most 
offensive  smell,  and  a  peculiarly  irritating  action  both  on  the 
lungs  and  eyes.  It  is  somewhat  soluble  in  water,  giving  a  red  or 
yellow  solution,  according  to  the  degree  of  concentration ;  this 
solution  decolorises  litmus  and  indigo,  gives  with  hydrosulphuric 
acid  a  precipitate  of  sulphur,  with  starch  an  orange-red  colour, 
and  generally  resembles  chlorine  water  in  its  behaviour  to  other 
reagents.  It  combines  readily  with  most  metals,  forming  metallic 
bromides. 

Acids  of  Bromine,  a.  Hydrohromic  Acid,  BrH.  Metallic 
Bromides.  —  Hydrobromic  acid  is  a  colourless  gas,  which,  like 
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hydrochloric  acid,  is  very  sokiblo  in  water,  the  behaviour  of  the 
colourless  solution  when  heated  exactly  resembles  that  of  the 
aqueous  solution  of  hydrochloric  acid. 

Uroniides  generally  very  closely  resemble  chlorides  in  their 
reactions.  With  nitrate  of  silver,  their  solution  gives  a  yellowish 
white  curdy  precipitate  of  bromide  of  silver,  BrAg,  which  is 
insoluble  in  dilute  nitric  acid,  soluble  in  ammonia,  but  less 
easily  than  the  chloride ;  easily  soluble  in  cyanide  of  potas- 
sium, or  hyposulpliite  of  sodium.  If  the  precipitate  of  BrAg, 
after  pouring  otF  the  supernatant  liquid,  be  treated  with  strong 
hydrochloric  acid,  the  mixture  becomes  red,  and  when  heated 
evolves  vapours  of  bromine.  Subnitrate  of  mercury  gives  a 
yellowish  white  precipitate  of  sub-bromide  of  mercury,  BrHg^, 
insoluble  in  dilute  nitric  acid,  readily  soluble  in  chlorine-water, 
giving  a  deep  yellow  solution.  Acetate  of  lead  gives  a  white 
precipitate  of  bromide  of  lead,  BrPb,  less  soluble  than  the 
chloride  in  excess  of  water,  readily  soluble  in  nitric  acid.  When 
heated  with  concentrated  nitric  acid,  bromides  evolve  dark- 
red  bromine  vapours ;  with  sulphuric  acid,  hydrobromic  acid, 
together  with  bromine  and  sulphurous  anhydride  ;  with  sulphuric 
acid  and  binoxide  of  manganese,  nothing  but  bromine,  which  may 
be  detected,  if  present  in  too  small  a  quantity  to  be  visible  to  the 
eye,  by  the  orange-red  colour  which  it  gives  to  a  piece  of  paper 
moistened  with  starch-paste,  and  held  to  the  mouth  of  the  tube. 

Sulphuric  acid  containing  peroxide  of  nitrogen,  or  a  mixture 
of  nitrite  of  potassium  and  hydrochloric  acid,  separates  no 
bromine  from  metallic  bromides.  All  bromides  are  decomposed 
by  free  chlorine,  or  by  hydrochloric  acid,  a  chloride  being  formed 
and  bromine  set  free.  (c)  If  chlorine-water  be  added  to  a 
solution  of  a  bromide,  or  to  a  solid  bromide  (as  BrAg),  the  solu- 
tion is  coloured  yellow  by  the  bromine  set  free  ;  and  if  it  be  now 
agitated  with  a  little  ether,  the  ether  will  dissolve  all  the  bromine, 
forming  a  yellow  or  red  layer  at  the  top  of  the  liquid.  By  com- 
paring the  colour  of  this  layer  with  that  of  a  standard  ethereal 
solution  of  bromine,  the  quantity  of  bromine  present  may  be 
approximately  estimated.  The  ethereal  solution  of  bromine  is 
decolorised  by  solution  of  potash,  with  formation  of  bromide 
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and  bromate  of  potassium ;  and  tlie  alkaline  solution,  when  dis- 
tilled with  sulphuric  acid,  gives  off  vapours  of  bromine.  If  veiy 
little  bromine  be  present,  it  is  advisable  to  evaporate  the  solution 
under  examination  to  dryness,  to  treat  the  residue  with  alcohol, 
filter,  evaporate  the  alcoholic  solution  to  dryness,  dissolve  the 
residue  in  as  little  water  as  possible,  and  treat  this  solution  with 
chlorine-water  and  ether.  When  the  quantity  of  bromine  is  very 
small,  only  a  drop  of  chlorine-water  should  be  added.  This  is 
the  method  usually  employed  for  the  detection  of  bromine  in 
mineral  waters.  This  reaction  does  not  distinguish  bromine  from 
iodine. 

Blotvp/pe  reactions. — With  a  bead  of  microcosmic  salt  and 
oxide  of  copper,  bromides  give  a  blue  colour  to  the  outer  flame, 
which  has  a  somewhat  greener  tinge  than  the  colour  similarly 
produced  by  chlorides. 

Bromides  are  most  readily  distinguished  from  chlorides,  by 
their  reactions  with  sulphuric  acid  and  chlorine.  From  a  solution 
containing  both  salts,  the  whole  of  the  bromide  may  be  pre- 
cipitated by  careful  addition  of  nitrate  of  silver,  while  some  of  the 
chloride  still  remains  in  solution. 

b.  Bromic  Acid,  BrO-^H.  —  This  is  the  only  oxygen  acid  of 
bromine  known. 

Bromates  generally  closely  resemble  chlorates  in  their  reactions, 
especially  in  exploding  when  heated  with  charcoal,  or  other  com- 
bustible substances.  When  heated  alone,  bromates  evolve  oxygen, 
(and  sometimes  bromine,)  a  metallic  bromide  being  left.  A  solid 
bromate,  heated  with  sulphuric  acid,  evolves  bromine  and  oxygen  ; 
a  solution  of  a  bromate  is  coloured  red,  even  by  dilute  sulphuric 
acid.  With  concentrated  hydrochloric  acid,  bromates  yield 
chloride  of  bromine,  and  form  a  yellow  solution.  A  not  too  dilute 
solution  of  a  bromate  gives,  with  lead-salts,  a  white  precipitate  ; 
with  subsalts  of  mercury,  a  yellowish  white  precipitate,  insoluble 
in  nitric  acid  in  the  cold;  with  silver-salts,  a  white  precipitate, 
almost  insoluble  in  water,  diflicultly  soluble  in  dilute  nitric  acid, 
easily  soluble  in  ammonia.  Tiiis  precipitate  is  distinguished  from 
chloride  of  silver  by  its  evolving  red  vapours  of  bromine  when 
heated  with  hydrochloric  acid. 


PART  I. 


IODINE. 


33 


The  reactions  with  silver-salts  and  with  sulphuric  acid,  dis- 
tinguish bromates  from  chlorates. 

In  organic  compounds,  bromine  is  detected  by  the  methods 
already  described  in  the  case  of  chlorine  (p.  30). 

7.  Iodine.    I.    Atomic  Aveight,  127. 

Iodine,  at  the  ordinary  temperature,  is  a  greyish-black  metallic- 
looking  solid,  Avhich  gives  off  deep  violet  fumes  on  a  slight 
elevation  of  temperature.  It  has  an  unpleasant  smell,  somewhat 
resembling  that  of  cldorine.  It  stains  the  skin  a  deep  yellow  or 
brown.  It  is  very  slightly  soluble  in  water,  very  readily  in 
alcohol,  ether,  iodide  of  potassium,  and  hydriodic  acid,  forming 
brown  solutions ;  and  in  bisulphide  of  carbon,  CS'-^,  with  a  mag- 
nificent violet  colour,  which  is  so  intense  as  to  afford  one  of  the 
most  delicate  reactions  for  the  detection  of  free  iodine.  It  is  also 
soluble,  with  a  red  colour,  in  chloroform,  benzol,  and  petroleum.  It 
is  soluble  in  hyposulphite  of  sodium,  with  formation  of  tetrathi- 
onate  of  sodium  (2S203Na2 +I2  =  S40«Na2  +  2INa)  ;  with  very 
dilute  sulphurous  acid  it  forms  sulphuric  and  hydriodic  acids  ; 
Avith  hydrosulphuric  acid  it  forms  hydriodic  acid,  and  separates 
sulphur.  Iodine  has  a  slight  bleaching  action  on  vegetable  colours, 
but  in  a  degree  very  inferior  to  either  chlorine  or  bromine.  Free 
iodine  in  solution  forms  a  deep  blue  compound  with  starch  solu- 
tion, the  colour  of  which  is  destroyed  by  heat ;  the  smallest  traces 
of  free  iodine  may  be  thus  detected.  It  combines  with  most 
metals,  forming  metallic  iodides. 

Acids  of  Iodine,  a.  Hydriodic  Acid,  III.  Metallic  Iodides. 
—  Hydriodic  acid  is  a  colourless  gas,  readily  soluble  in  water, 
forming  a  colourless  solution,  which,  when  he/ited,  behaves  like 
the  solutions  of  hydrochloric  and  hydrobromic  acids.  Its  aqueous 
solution  absorbs  oxygen  from  the  air,  water  being  formed  and 
iodine  set  free,  which  dissolves  in  the  undecomposed  acid,  and 
colours  the  solution  brown. 

Alkaline,  and  alkaline-earthy  iodides,  are  soluble  in  water: 
most  otiier  metallic  iodides  are  insoluble.  The  alkaline  iodides 
are  not  decomposed  when  heated  in  the  air:  other  iodides  are 
partially  decomposed  by  heat,  iodine-vapours  being  given  off,  and 
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a  metallic  oxide  left.  When  heated  Avith  sulphuric  acid,  iodides 
give  off  iodine-vapours  and  sulphurous  anhj'^dride :  by  the  addition 
of  binoxido  of  manganese,  the  evolution  of  sulphurous  anhydride 
is  prevented,  (c)  Nitrate  of  silver  gives  Avith  solutions  of 
iodides  a  yelloAvish-white  precipitate  of  iodide  of  silver,  lAg, 
insoluble  in  common  nitric  acid,  almost  entirely  insoluble  in 
ammonia,  which  destroys  its  yellow  tinge ;  soluble  in  cyanide  of 
potassium,  soluble  also  when  boiled  with  strong  fuming  nitric 
acid,  iodine  being  set  free.  Subnitrate  of  mercurrj  gives  a  yel- 
lowish-green precipitate  of  subiodide  of  mercury,  Illg-,  insoluble 
in  dilute  nitric  acid,  soluble  in  iodide  of  potassium.  Protosalts  of 
mercury  give  a  vermilion-red  precipitate  of  iodide  of  mercury, 
IHg,  soluble  in  excess  either  of  the  mercury  salt  or  of  the 
iodide:  this  precipitate,  when  dried  and  heated,  becomes  yellow, 
(c)  Lead-salts  give  a  bright  yellow  precipitate  of  iodide  of  lead, 
IPb,  soluble  on  boiling  with  excess  of  Avater,  fromAvliich  solution 
it  crystallises  on  cooling  in  beautiful  shining  yellow  scales  :  soluble 
in  dilute  nitric  acid,  (c)  Nitrate  of  palladium  gives  a  black 
precipitate  of  iodide  of  palladium,  IPd,  insoluble  in  cold  hydro- 
chloric or  nitric  acid,  soluble  in  ammonia:  this  reagent  serves  to 
separate  iodine  from  chlorine  and  bromine,  and  to  estimate  iodine. 
Iodine  is  also  completely  precipitated  from  solutions  of  iodides  by 
a  mixture  of  1  part  sulphate  of  copjjer,  and  2^  parts  protosulphate 
of  iron,  or  by  a  mixture  of  sulphate  of  copper  with  sulphurous 
acid,  as  dirty-white  subiodide  of  copper,  ICu^  Neither  chlorides 
nor  bromides  are  precipitated  by  this  reagent. 

Iodides,  Avhether  solid  or  in  solution,  are  easily  decomposed  by 
chlorine,  bromine,  strong  nitric  acid,  nitrous  acid,  peroxide  of  nitro- 
gen, peroxide  of  barium  and  hydrochloric  acid,  strong  sulphuric 
acid,  or  sulphuric  acid  and  binoxide  of  manganese :  in  all  these 
cases  iodine  is  separated,  and,  according  to  the  quantity  and  form  of 
the  iodide  employed,  is  either  pi'ecipitated  as  a  black  poAvder,  dis- 
solved, forming  a  brown  solution,  or  given  off  in  characteristic  violet 
fumes,  (c)  When  this  iodine,  hoAvever  set  free,  comes  into  contact 
Avith  solution  of  starch,  a  blue  compound  is  formed  (if  very  little 
iodine  be  present,  the  colour  is  violet  or  rose-red;  if  excess  of 
iodine,  green),  which  affords  the  most  delicate  test  for  the  detection 
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of  iodine.  Tlie  best  way  to  apply  this  test  for  the  detection  of 
very  small  traces  of  iodine,  is  to  add  to  the  liquid  under  examina- 
tion (which  must  be  neutral  or  slightly  acid)  a  drop  of  solution 
of  starch,  and  to  pass  into  it  the  nitrous  fumes  evolved  by  the 
action  of  nitric  acid  on  metallic  copper :  if  the  slightest  trace  of 
an  iodide  be  present,  a  violet  or  reddish  tinge  will  at  once  be  pro- 
duced. Instead  of  starch,  bisulphide  of  carbon  may  be  added  to 
the  iodide-solution  that  has  been  decomposed  by  any  of  the  above 
reagents,  which,  on  agitation,  will  dissolve  the  free  iodine,  giving 
a  violet  colour.  The  free  iodine  may  also  be  dissolved  by  ether  : 
but  the  colour  of  the  solution  so  closely  resembles  that  of  bromine, 
that  iodine  cannot  be  detected  by  this  method  in  presence  of 
bromine.  Solutions  containing  very  little  iodide  should  be 
evaporated  and  treated  with  alcohol,  as  described  in  the  case  of 
bromides  (p.  32).  Chlorine-water,  which  is  often  used  instead  of 
nitrous  fumes  to  decompose  the  iodide,  has  this  disadvantage,  that 
excess  of  it  forms  chloride  of  iodine,  and  destroys  the  blue  colour 
of  iodide  of  starch,  and  the  violet  colour  of  the  bisulphide  of  car- 
bon solution  :  when  it  is  employed  for  the  detection  of  traces  of 
iodine,  it  should  be  in  a  very  dilute  solution,  or,  better  still,  a 
little  of  the  gas  fx'om  an  open  bottle  of  chlorine-water  should  be 
allowed  to  come  in  contact  with  the  surface  of  the  iodide  solution. 
Insoluble  compounds  are  examined  for  iodine  by  moistening  them 
in  a  stoppered  bottle  with  strong  sulphuric  acid,  introducing  a 
slip  of  paper  moistened  with  starch-paste  between  the  neck  and 
stopper  of  the  bottle,  and  allowing  it  to  remain  for  some  hours, 
when  it  will  be  coloured  violet  if  the  smallest  trace  of  iodine  be 
present.  The  blue  colour  of  iodide  of  starch  is  destroyed  by 
alivalis,  by  hydrosulphuric,  sulphurous,  or  arsenious  acids,  by 
chloride  of  tin  or  chloride  of  mercury,  or  by  any  reducing  organic 
body.  The  blue  colour,  when  destroyed  by  alkalis,  may  be  restored 
by  any  dilute  acid  (even  acetic),  but  not  by  chlorine-water, 
Ileat  also  destroys  the  blue  colour,  which,  however,  reappears  on 
cooling. 

Bloicpipe  reactions.— a  bead  of  microcosmic  salt  and 
oxide  of  copper,  iodides  colour  the  outer  flame  emerald-green. 
b.  Periodic  Acid,  IQ'^ll.  —  Formed  by  the  action  of  chlorine  on 
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an  alkaline  solution  of  iodate  of  sodium  (I0^Na  +  2Cl  + NaHO  = 
lO^Na  +  ClNa  +  ClH).  It  is  a  crystalline  body :  it  is  decomposed 
by  heat  into  oxygen  and  iodine-vapours.  It  forms  basic  as  well 
as  normal  salts. 

Periodates  are  very  stable  salts.  Their  solution  gives  -with 
barium-  and  Zearf-salts  white  precipitates  soluble  in  dilute  nitric 
acid  ;  with  silver-salts  a  brown  precipitate  soluble  in  dilute  nitric 
acid  and  ammonia.  Peiüodates  when  heated  generally  behave  like 
iodates. 

c.  Iodic  Acid,  lO^H.  —  Formed  by  dissolving  iodine  in  solutions 
of  potash  or  soda  (3K20  +  P=IO-'^K  +  5IK) :  by  the  action  of 
concentrated  nitric  acid  on  iodine,  or  of  carbonate  of  sodium  on 
chloride  of  iodine.  It  is  a  crystalline  body,  decomposed  by  heat 
into  oxygen  and  iodine-vapours :  readily  soluble  in  water.  It  is 
instantaneously  reduced  by  hydrosulphuric,  sulphurous,  and  hy- 
driodic  acids,  and  nitric  oxide,  iodine  being  set  free,  which  may 
be  detected  by  means  of  starch. 

Only  the  alkaline  iodates  are  soluble  in  water.  They  are  de- 
composed by  heat,  giving  off  oxygen  (and  in  some  cases  iodine- 
vapours)  and  leaving  a  residue  of  iodide.  Their  solutionsgive  white 
precipitates  with  salts  of  barium,  lead,  and  silver,  and  subsalts  of 
mercury:  iodate  of  silver  is  insoluble  in  dilute  nitric  acid,  soluble 
in  ammonia,  whence  sulphurous  acid  throws  down  iodide  of 
silver.  Soluble  iodates  are  decomposed  by  hydrosul'plmric  acid, 
an  iodide  and  sulphuric  acid  being  formed,  and  sulphur  deposited : 
sidphurous  acid  separates  iodine,  soluble  in  excess  of  the  reagent : 
hydrochloric  acid  forms  chloride  of  iodine :  solution  of  indigo  is 
decolorised  on  addition  of  sulphuric  acid.  A  solution  of  an  iodate 
containing  iodide  of  potassium  is  decomposed  by  the  weakest 
acids  (even  acetic),  iodine  being  set  free,  which  may  be  detected  by 
starch  paste.  This  reaction  serves  to  detect  iodic  acid  in  iodide 
of  potassium,  Iodates  are  not  decomposed  when  heated  with 
strong  sulphuric  acid,  unless  some  reducing  agent  (as  protosulphate 
of  iron)  be  present :  in  which  case  iodine-vapours  are  given  off. 
Iodates  explode  when  heated  with  charcoal,  but  more  feebly  than 
chlorates  or  bromates. 

Iodates  are  distinguished  from  all  other  salts,  except  periodates, 
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by  their  liberating  iodine  when  treated  with  reducing  agents. 
Periodates  are  so  much  more  stable  than  iodates,  tliat  hydrosul- 
phuric  acid  is  the  only  agent  by  which  they  can  be  reduced,  with 
liberation  of  iodine.  Periodates  can  always  be  distinguished  from 
iodates  by  means  of  nitrate  of  silver. 

The  mode  of  detecting  iodine  in  organic  compounds  is  the  same 
as  that  adopted  for  chlorine  and  bromine  (p.  30). 

Separation  and  estimation  of  Chlorine,  Bromine,  and  loditie. — 
For  the  detection  of  a  bromide  in  presence  of  an  iodide,  the  iodine 
is  first  removed  by  decomposing  the  iodide  by  a  mixture  of 
fuming  nitric  acid  with  sulphuric  acid,  and  dissolving  out  the 
iodine  by  repeated  agitation  with  ether.  The  ethereal  solution  of 
iodine  is  then  removed,  and  chlorine-water  carefully  added  to  the 
remaining  liquid,  which  is  again  agitated  with  ether,  which 
dissolves  out  the  bromine.  Small  quantities  of  a  chloride  in 
presence  of  excess  of  bromide,  are  best  detected  by  distilling  the 
dry  salts  with  bichromate  of  potassium  and  fuming  sulphuric 
acid,  and  leading  the  vapours  evolved  into  aqueous  ammonia, 
which,  if  a  chloride  be  present,  is  coloured  yellow,  owing  to  the 
formation  of  Chromate  of  ammonium,  while,  if  only  a  bromide  be 
present,  it  remains  colourless.  Small  traces  of  a  chloride  in 
presence  of  an  iodide  cannot  be  detected  in  this  manner.  The 
best  method  in  this  case  is  to  precipitate  the  chlorine  and  iodine 
together  by  nitrate  of  silver,  digest  the  precipitate  with  ammonia, 
filter,  and  add  nitric  acid  to  the  filtrate,  when  an  opalescence  will 
be  produced,  if  the  smallest  trace  of  a  chloride  be  present.  A 
solution  of  chloride  of  silver  in  ammonia  gives  no  precipitate  with 
a  metallic  chloride,  but  with  an  iodide  it  gives  a  precipitate  of 
iodide  of  silver. 

For  the  quantitative  separation  of  chlorine,  bromine,  and  iodine 
in  solutions  containing  chlorides,  bromides,  and  iodides,  the  iodine 
is  first  removed  by  nitrate  of  palladium,  and  the  black  precipitate 
of  IPd  collected  after  12  hours  on  a  weighed  filter,  dried,  and 
Aveighed.  (The  iodine  may  be  removed,  though  with  somewhat 
less  accuracy  by  the  mixture  of  sulphate  of  copper  and  protosul- 
phate  of  iron  (p.  34);  the  subiodide  of  copper  is  dried  at  120° 
and  weighed.)    The  excess  of  palladium  is  then  removed  from  the 
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solution  by  hydrosulphuric  acid,  and  the  excess  of  hydrosulphuric 
acid  by  sesquisulphate  of  iron  which  is  perfectly  free  from  chloride, 
and  the  bromine  together  with  a  portion  of  the  chlorine  removed 
by  fractional  precipitation  by  nitrate  of  silver.  The  precipitate 
is  dried  and  weighed,  fused  in  a  stream  of  cldorine,  and  the 
bromine  determined  by  its  loss  in  M'^eiglit.  Or  the  Aveighed 
mixture  of  chloride  and  bromide  is  reduced  by  clean  metallic  zinc, 
witli  addition  of  a  few  drops  of  hydrochloric  acid,  and  when  the 
reduction  is  complete  the  resulting  metallic  silver  is  weighed.  If 
a  standard  solution  of  nitrate  of  silver  (i.  e.  a  known  quantity  of 
silver)  be  employed  for  the  precipitation,  the  bromine  may  be  cal- 
culated at  once  from  the  weight  of  the  precipitate.  The  rest  of 
the  chlorine  is  then  completely  precipitated  by  nitrate  of  silver, 
and  the  resulting  ClAg  dried,  ignited,  and  weighed. 

Iodine  and  its  lower  chlorine-compounds  impart  an  intense 
violet  colour  to  bisulphide  of  carbon  ;  pentachloride  of  iodine, 
ICl^  does  not.  Hence,  the  colour  disappears  as  soon  as  the  pen- 
tachloride is  formed.  On  this  reaction  is  founded  a  volumetric 
method  for  estimating  iodine  in  presence  of  chlorine  and  bromine 
(p.  254). 

8.  Cyanogen.    CN.  Cy.    Atomic  weight,  26. 

This  substance,  though  not  an  elementary  body,  exhibits  such 
striking  analogies  Avith  chlorine,  bromine,  and  iodine,  that  it  may 
be  most  fitly  treated  of  in  connection  with  them.  It  is  a  colour- 
less condensible  gas,  with  a  peculiar  smell  resembling  that  of 
peach-kernels,  and  irritating  the  eyes  as  well  as  the  nose.  It  is 
combustible,  burning  with  a  violet-blue  flame.  It  is  moderately 
soluble  in  watei*,  much  more  so  in  alcohol  :  these  solutions 
undergo  decomposition,  even  in  stoppered  bottles,  especially  if 
exposed  to  the  light  ;  they  assume  a  brown  colour,  and  are  found 
to  contain  carbonic,  oxalic,  and  hydrocyanic  acids,  ammonia,  ure^ 
and  paracyanogen  (a  brown  substance  which  is  isomeric  Avith 
cyanogen).  Cyanogen  is  completely  absorbed  by  solution  of 
potash,  and  (more  slowly)  by  moist  oxide  of  mercury. 

Acids  of  Cyanogen.  IJ7jdrocyanic  or  Prussic  Acid,  CyH. 
3Ietallic  Cyanides.  —  Hydrocyanic  acid  is  a  transparent,  combus- 
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tible,  very  volatile  liquid  (boiling  at  26°),  with  a  peculiar  smell, 
resembling  that  of  bitter  almonds.  It  is  the  most  deadly  poison 
known.  In  the  pure  state  it  is  decomposed  even  in  closed  vessels, 
depositing  paracyanogen.  It  is  a  very  weak  acid,  reddening  lit- 
mus feebly,  and  not  decomposing  carbonates.  By  alkalis  or 
strong  acids,  it  is  decomposed  into  formic  acid  and  ammonia, 
which  latter  remains  combined  with  the  acid  employed  (CNn  + 
20H- =  CIIO-II  +  NIP).  It  is  soluble  in  all  proportions  in  water, 
alcohol,  and  ether  ;  its  solution  is  gradually  decomposed  by  light, 
even  in  closed  vessels,  though  less  rapidly  than  the  pure  acid. 

The  alkaline  and  alkaline-earthy  cyanides  are  readily  soluble  in 
water  ;  in  the  solid  state  they  absorb  moisture  from  the  air,  and 
deliquesce ;  their  solution  has  an  alkaline  reaction,  and  smells  of 
hydrocyanic  acid,  and  is  decomposed  even  by  the  weakest  acids  hy- 
drocyanic  acid  being  set  fx-ee.  The  cyanides  of  the  heavy  metals 
are  mostly  insoluble  in  Avater  (cyanide  of  mercury  is  soluble),  and 
are  not  decomposed  by  oxygen  acids  ;  hydrochloric  or  hydrosul- 
phuric  acid  decomposes  them,  liberating  hydrocyanic  acid.  The 
cyanides  of  potassium  find  sodium  are  not  decomposed  by  ignition 
in  closed  vessels  ;  but  when  heated  in  contact  with  oxygen,  they 
take  it  up,  and  are  converted  into  cyanates.  This  property  renders 
them  valuable  agents  for  reducing  metallic  oxides  and  sulphides 
to  tlie  metallic  state.  The  behaviour  of  the  cyanides  of  tiie  heavy 
metals  on  ignition,  is  very  various.  Cyanide  of  mercury  yields 
cyanogen,  paracyanogen,  and  mercury  ;  others  yield  nitrogen,  and 
a  metallic  carbide,  or  cyanogen  and  a  metallic  subcyanide  (or  para- 
cyanide).  The  alkaline  cyanides  form  soluble  double  cyanides,  with 
those  of  many  heavy  metals.  Thus  the  cyanides  of  gold,  palla- 
dium, silver,  copper,  cadmium,  nickel,  iron,  chromium,  manffanese, 
cobalt,  zinc,  &c.,  are  readily  soluble  in  cyanide  of  potassium. 
The  solution,  which  contains  a  double  cyanide  of  potassium  and 
the  heavy  metal,  is  not  precipitated  by  an  alkaline  hydrate  or 
carbonate  ;  in  some  cases  (the  double  cyanides  of  silver,  mercnry, 
and  cadmium)  the  heavy  metal  is  readily  precipitated  as  sulphide 
by  hydrosulphuric  acid  ;  in  others  (those  of  mangaiicse,  nickely 
zinc,  and  copper)  the  sulphide  is  only  partially  precipitated  ;  in 
others  (those  of  iron  and  cobalt),  it  is  not  precipiüited  at  all. 
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Nitrate  of  silver  gives  with  a  solution  of  a  cyanide  a  white, 
curdy  precipitate  of  cyanide  of  silver,  CyAg,  insoluble  in  dilute 
nitric  acid,  soluble  in  ammonia,  hyposulphite  of  sodium,  cyanide 
of  potassium,  and  concentrated  nitric  acid.    This  precipitate  is 
distinguished  from  chloride,  bromide,  and  iodide  of  silver,  which 
it  closely  resembles,  by  its  giving  off  the  smell  of  hydrocyanic 
acid  when  treated  with  concentrated  hydrochloric  acid  ;  and  by 
its  decomposition  by  heat  into  cyanogen,  and  a  mixture  of  para- 
cyanogen  and  metallic  silver,  while  the  other  salts  fuse  without 
decomposition.    The  superior  volatility  of  hydrocyanic  acid  also 
enables  us  to  detect  it  in  presence  of  the  other  three  acids.    If  a 
solution  containing  free  hydrocyanic  acid  be  placed  in  a  watch- 
glass,  and  another  watch-glass  moistened  with  nitrate  of  silver 
be  inverted  over  it,  a  deposit  of  cyanide  of  silver  will  speedily 
be  formed  in  the  upper  glass,  even  at  the  ordinary  temperature  ; 
while  no  precipitate  is  formed  in  similar  circumstances  by  the 
other  three  acids.    To  obtain  this  reaction,  the  acid  must  be  free ; 
therefore,  if  a  solution  of  a  cyanide  be  employed,  it  must  be  first 
decomposed  by  a  stronger  acid.    Subsalts  of  mercury  give  a  grey 
precipitate  of  metallic  mercury,  while  cyanide  of  mercury  re- 
mains in  solution  (2CyH  +  OHg^  =  2CyHg  +  Hg^  +  OH"), 
(c)  Proto-salts  of  mercury  give  no  precipitate,  cyanide  of  mercury 
being  soluble  ;  if  the  solution  be  boiled  with  oxide  of  mercury,  a 
basic  cyanide  is  formed,  which  is  alkaline  to  test-paper.  No 
other  acid  exhibits  this  reaction.    Sulphate  of  copj)er,  containing 
sulpliurous  acid,  gives  a  white  precipitate  of  subcyanide  of  cop- 
per, CyCu2,  soluble  in  cyanide  of  potassium.    Iron-salts  give  no 
precipitate  with  free  hydrocyanic  acid.    With  cyanide  of  potas- 
sium sesquichloride  of  iron  precipitates  sesquihydrate  of  iron, 
hydrocyanic  acid  being  set  free.    Protosalts  of  iro7i,  if  quite 
free  from  sesquisalt,  give  a  yellowish-red  precipitate  (CyFe?), 
soluble  in  excess  of  cyanide  of  potassium,  especially  on  addi- 
tion of  potash  :   the  solution  contains  ferrocyanide  of  potas- 
sium.   Hereon  is  founded  one  of  the  best  methods  for  detecting 
hydrocyanic  acid,    (c)  Potash  is  first  added  to  the  liquid  under 
examination,  and  then   a  mixture   of  proto-  and  sesquisalt 
of  iron  (protosulnhate  of  iron  that  has  been  exposed  some 
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time  to  the  air,  answers  the  purpose),  and  finally  excess  of 
hydrochloric  acid,  which  dissolves  the  oxides  of  iron  Avhich 
have  been  precipitated  by  the  potash,  and  leaves  behind  a  dark 
blue  precipitate  of  Prussian  blue.  If  mere  traces  of  cyanide  be 
present,  there  is  no  immediate  precipitate,  but  the  solution  has  a 
green  colour,  and  deposits  Prussian  blue  after  long  standing, 
(c)  The  following  reaction  is  even  more  delicate,  if  possible. 
Add  to  the  solution  under  examination  (in  a  small  porcelain 
basin)  a  drop  or  two  of  yellow  sulphide  of  ammonium,  and  evapo- 
rate to  dryness  on  a  water-bath  ;  if  even  a  trace  of  a  cyanide  be 
present,  sulphocyanate  of  ammonium  will  be  formed,  which,  Avhen 
the  dry  residue  is  dissolved  in  alcohol  and  a  drop  of  sesquichloride 
of  iron  added,  gives  a  deep  red  colour.  A  solution  containing 
free  hydrocyanic  acid  dissolves  oxide  of  mercury,  forming  cyanide 
of  mercury,  and  the  solution  is  not  precipitated  by  alkalis,  but 
hydrosul{)huric  acid  precipitates  black  sulphide  of  mercury ; 
very  small  quantities  of  hydrocyanic  acid  may  be  detected  in  this 
manner.  If  the  solution  contains  any  free  hydrochloric  acid,  the 
addition  of  ammonia  gives  a  precipitate  of  subchloride  of  mercury. 
If  a  solution  containing  free  hydrochloric  and  hydrocyanic  acids 
be  evaporated  to  dryness  with  borax,  the  hydrocyanic  acid  alone 
volatilises,  and  hydrochloric  acid  may  be  detected  in  the  residue 
by  means  of  nitrate  of  silver. 

When  heated  with  concentrated  sulphuric  acid,  cyanides  are 
decomposed  into  a  metallic  sulphate,  sulphate  of  ammonium,  and 
carbonic  oxide  (2CNM  + 280^112  +  211^0  =  S0-'M2  +  S04(NH4)2 
-f-  2C0).  All  cyanogen  compounds  are  decomposed  when 
heated  to  redness  with  oxide  of  copper,  yielding  2  vols,  carbonic 
anhydride  and  1  vol.  nitrogen.  Many  double  cyanides,  whether 
soluble  or  insoluble,  which  cannot  be  otherwise  decomposed,  may 
be  decomposed  by  prolonged  heating  with  aqua-regia,  or  fuming 
nitric  acid;  or  by  fusion  with  three  or  four  times  their  wei"-ht  of 
a  mixture  of  3  parts  sulphate  and  1  part  nitrate  of  ammonium  ; 
the  heavy  metal  may  then  be  detected  in  the  residue  by  the  usual 
reagents. 

Estimation  of  Hydroci/anic  Acid  (see  p.  257). 

b.  Cyanic  Acid,  CyOIl. — (c)  Cyanates  are  easily  recognised 
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by  tlieir  decomposition  when  treated  with  strong  acids,  carbonic 
anhydride  being  evolved  with  effervescence,  accom[)anied  by  the 
penetrating  smell  of  undecoraposed  cyanic  acid,  while  the  ammo- 
nium-salt of  the  acid  employed  remain's  in  solution  (CNOH  + 
ClH+0rP  =  C02  +  ClNIP).  Alkaline  cyanates  are  not  decom- 
posed by  heat  in  the  dry  way ;  their  aqueous  solution  is  readily 
decomposed,  especially  when  heated,  into  an  acid  carbonate  and 
ammonia  (CNOK+ 20H2  =  CO"'KH+ NH^).  Nitrates  of  lead 
and  silver  and  subnitrate  of  mercury  give  a  white  precipitate  with 
cyanates ;  nitrate  of  copper,  a  greenish-brown  precipitate ;  ter- 
chloride  of  gold,  a  brown  precipitate.  When  evaporated  to  dry- 
ness with  sulphate  of  ammonium,  cyanates  yield  urea,  CII^N-0 
(2CN0K  +  S04(NH4)2=2CrPN20  +  SOüv^). 

c.  There  are  two  other  oxygen  acids  of  cyanogen,  both  isomeric 
with  cyanic  acid, — Fulminic  Acid,  Cy^O^H^  ;  and  Cijanuric  Acid, 
Qy3Q3jj3_  Fulminic  acid  is  only  known  in  its  silver  and  mercury 
salts.  They  are  very  dangerous  compounds,  exploding  most  vio- 
lently by  heat,  percussion,  or  contact  with  strong  sulphuric  acid. 
Cyanuric  acid  is  a  very  stable  acid.  Its  salts  are  decomposed 
when  heated  with  an  alkali,  forming  aqueous  cyanic  acid,  cyanate 
of  ammonium,  cai'bonic  anhydride,  nitrogen,  and  leaving  a  residue 
of  alkaline  cyanate. 

d.  Sulphocyanic  Acid,  CySH. — This  acid  is  found  in  the  saliva. 
Most  sulphocyanates  are  soluble  in  water  and  alcohol.  They  give 
white  precipitates,  with  a  mixture  of  sulphate  of  copper  and  sul- 
phurous acid,  with  salts  of  silver  iind  gold,  and  sitbsalts  of  mercury. 
Sulphocyanate  of  silver,  CySAg,  is  insoluble  in  dilute  nitric  acid, 
and  may  be  employed  for  the  estimation  of  sulpliocyanic  acid  in 
soluble  compounds,  (c)  With  sesquichloride  of  iron,  sulphocy- 
anates give  an  intense  blood-red  colour,  visible  even  in  the  most 
dilute  solutions.  This  coloration  is  not  destroyed  by  excess  of 
hydrochloric  acid,  but  disappears  on  addition  of  chloride  of  mer- 
cury :  if  metallic  zinc  be  immersed  in  the  red  solution,  hydrosul- 
phuric  acid  is  evolved.  These  reactions  distinguish  sulphocyanic 
acid  from  meconic,  and  some  other  organic  acids,  which  give  a 
similar  red  colour  with  pcrsalts  of  iron.  Most  sulphocyanates  are 
decomposed  by  heat  into  nitrogen,  cyanogen,  bisulphide  of  car 
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bon,  and  a  metallic  sulphide.  (4CNSM  =  N  +  3CN +08-' -f- 
2M2S.) 

Double  Cyanides. — We  have  already  observed  (p.  39)  that  the 
cyanides  of  many  of  the  heavy  metals  are  soluble  in  cyanide  of 
potassium,  forming  double  cyanides  of  the  heavy  metal  and  potas- 
sium, in  which  the  heavy  metal  cannot  be  detected  by  any  of  the 
ordinary  reagents.  This  peculiarity  of  behaviour  on  the  part  of 
the  heavy  metal  in  these  salts  has  led  to  the  adoption  of  the 
theory,  that  it  is  combined  with  the  cyanogen  so  as  to  form  a  dis- 
tinct compound  radical.  Thus,  the  cyanide  of  iron  and  potassium, 
Cy-TeK-,  lias  been  regarded  as  the  salt  of  a  distinct  radical — ■ 
ferrocyanogen,  Cy^'Fe — which,  like  cyanogen  itself,  combines  with 
hydrogen  to  form  an  acid,  and  with  other  metals  to  form  a  series 
of  salts.  Hence  the  names  ferrocyanide  of  potassium,  &c.,  gene- 
rally applied  to  this  class  of  salts.  We,  however,  shall  regard 
these  bodies  merely  as  double  cyanides,  which  they  undoubtedly 
are.  Some  of  them  exhibit  so  remarkable  a  behaviour  with  seve- 
ral metals,  that  it  is  necessary  to  enumerate  their  most  important 
reactions. 

Protocyanide  of  Iron  and  Potassium  (ferrocyanide  of  potassium, 
yellow  prussiate  of  potassium),  Cy^FeK^  =  (CyFe  +  2CyK). — 
The  double  cyanides  of  iron  and  the  alkaline  metals  are  soluble 
in  water.  When  anhydrous,  they  are  colourless  ;  but  are  yelloAV 
when  they  contain  water  of  crystallisation.  The  double  cyanides 
of  iron,  and  most  other  metals,  are  insoluble  in  water,  many  of 
them  in  acids  also.  Some  of  them  are  white  (as  those  of  the 
earthy  metals,  zinc,  lead,  silver,  mercury) ;  others  are  distin- 
guished by  peculiar  colours,  whence  the  cyanide  of  iron  and  potas- 
sium is  much  used  as  a  reagent  for  the  detection  of  several  metals, 
especially  of  iron  and  copper.  With  sesquisalts  of  iron  it  gives  a 
blue  precipitate,  Cy^Fe^ ;  with  protosalts  of  iron,  a  white  or 
bluish-white  precipitate,  Cy'^Fe'Ti ;  with  protosalts  of  copper, 
a  brownish-red  precipitate,  Cy^FeCu^. 

Sesquicyanide  of  Iron  and  Potassium  (ferricyanide  of  potas- 
sium, red  prussiate  of  potassium),  C)'6Fe2K3  =  (Cy3Fe2  +  3CyK).  

The  double  sesquicyanides  of  iron  and  the  alkaline  metals  are 
soluble  in  water,  and  have  a  yellowish-red  colour.    Their  aque- 
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ous  solution  gives  with  prolosalts  of  iron  a  dark -blue  precipitate, 
Cy^Fe® ;  with  sesquisalts  of  iron,  no  precipitate,  or  change  of 
colour.  If,  however  (as  is  always  the  case  in  practice),  the  least 
trace  of  a  protosalt  be  present  in  either  reagent,  a  dark-coloured 
solution  is  produced. 

The  soluble  double  cyanides  of  iron  are  decomposed  by  boiling 
with  dilute  sulphuric  acid,  a  portion  of  their  cyanogen  being 
separated  as  hydrocyanic  acid  (2Cy3FeK2  +  3SO^H2  =  3CyH-^ 
2CyFe+CyK+3SO^KH).  With  strong  sulphuric  acid,  all  double 
cyanides  of  iron  evolve  carbonic  oxide.  With  caustic  alkalis, 
all  insoluble  ferro-  and  ferricyanides  are  decomposed,  with  sepa- 
ration of  the  oxide  of  the  basic  metal,  and  formation  of  a  double 
cyanide  of  iron  and  an  alkaline  metal.  When  fused  with  car- 
bonate of  potassium,  cyanide  and  cyanate  of  potassium  are  formed, 
and  the  heavy  metal  reduced.  When  heated  with  sulphate 
of  ammonium,  they  are  all  readily  and  completely  decomposed 
(p.  41). 

Nitroprusside  of  Sodium,  Cy^NOFe^Na^,  which  Ave  have  al- 
ready mentioned  (p.  17)  as  a  reagent  for  the  detection  of  soluble 
sulphides,  is  formed  by  the  action  of  nitric  acid  on  the  double 
cyanide  of  iron  and  potassium. 

Sesquicyanide  of  Cobalt  and  Potassium  (cobalticyanide  of 
potassium),  Cy^Co^K^. — An  aqueous  solution  of  sesquicyanide  of 
cobalt  and  potassium  is  not  decomposed  by  boiling  with  dilute 
sulphuric,  nitric,  or  hydrochloric  acid,  by  chlorine  in  presence  of 
free  alkali,  or  by  oxide  of  mercury  ;  while  a  solution  of  sesqui- 
cyanide of  nickel  and  potassium  is  decomposed  by  these  reagents. 
(Separation  of  Nickel  from  Cobalt,  p.  148.)  The  soluble  double 
cyanides  of  cobalt  give,  with  protosalts  of  copper,  a  light  blue  pre- 
cipitate ;  with  protosalts  of  nickel,  a  greenish-blue  precipitate ; 
with  protosalts  of  cobalt,  a  reddish  precipitate  ;  with  protosalts  of 
iron  and  subsalts  of  mercury,  a  white  precipitate.  These  precipi- 
tates are  mostly  soluble  in  dilute  acids,  and  easily  decomposed  by 
alkalis.  •  By  heating  with  concentrated  sulphuric  acid,  or  better, 
with  sulphate  and  nitrate  of  ammonium,  all  the  double  cyanides  of 
cobalt  are  completely  decomposed. 
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9.  Fluorine.    F.    Atomic  weight,  19. 

Fluorine  has  never  been  obtained  in  the  free  state.  It  occurs 
native  chiefly  as  fluorspar,  FCa,  or  as  cryolite,  Al-Na^P'«  ;  it  is 
also  a  constituent  of  several  native  phosphates  and  silicates  {e.g. 
wavellite,  topaz,  mica,  tourmaline,  hornblende,  &c.)  :  it  exists  also 
as  fluoride  of  calcium  in  bones  and  teeth,  in  mineral  springs,  and 
in  the  ashes  of  several  plants. 

Acids  of  Fluorine.  Hydrofluoric  Acid,  FH.  Metallic  Fluo- 
rides.—  Hydrofluoric  acid  is  a  colourless  liquid,  extremely  vola- 
tile (boiling  at  lö'^  C):  on  contact  with  air  it  gives  off  abundant 
fumes,  of  a  very  suffocating  smell :  it  is  miscible  with  water  in  all 
proportions.  Its  most  characteristic  property  is  that  of  readily  dis- 
solving silica  and  silicates,  and  consequently  of  corroding  glass 
and  rendering  it  opaque :  hence  it  is  employed  for  the  decompo- 
sition of  silicates,  and  hereon  is  founded  the  only  certain  method 
for  the  detection  of  fluorine.  Hence  too  glass  vessels  cannot  be 
employed  in  its  preparation.  By  its  action  on  silica,  fluoride  of 
silicon,  SiF^,  is  formed,  which  combines  with  2  additional  atoms  of 
hydrofluoric  acid,  forming  fluosilicic  acid,  SiF^H- ;  by  its  action 
on  a  silicate,  a  metallic  fluosilicate  is  formed,  and  (according  to 
the  proportions  of  silica  and  metal  contained  in  the  silicate)  either 
a  metallic  fluoride  or  fluoride  of  silicon.  Boric,  tantalic,  titanic, 
molybdic,  and  tungstic  acids  are  similarly  decomposed  and  dis- 
solved by  hydrofluoric  acid,  with  formation  of  compounds  analo- 
gous to  fluosilicic  acid.  It  does  not  act  upon  gold  or  platinum, 
and  very  slightly  upon  lead. 

Metallic  fluorides  possess  very  various  physical  properties.  Some 
are  liquid  and  volatile,  some  solid  and  non-volatile :  they  are  mostly 
insoluble,  or  very  slightly  soluble,  in  water.  Soluble  fluorides  give 
with  chloride  of  calcium  a  gelatinous  precipitate  of  FCa,  which 
becomes  more  distinctly  visible  on  heating  and  on  addition  of  am- 
monia: it  is  somewhat  soluble  in  ammoniacal  salts,  and  in  dilute 
nitric  or  hydrochloric  acids,  less  so  in  acetic  acid,  insoluble  in  free 
hydrofluoric  acid.  With  lead-salts  they  give  a  white  precipitate, 
of  FPb,  soluble  in  nitric  acid  ;  with  silver-salts  they  give  no  preci- 
pitate.   All  fluorides  are  decomposed  by  strong  sulphuric  (not  by 
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nitric)  acid,  liydrofluoric  acid  being  evolved :  fluorspar  when  thus 
treated  is  reduced  to  a  pasty  mass  which  does  not  moisten  glass, 
and  only  evolves  gaseous  hydrofluoric  acid  on  the  application  of 
heat.  Many  insoluble  fluorides  (e.  g.  FCa)  are  not  completely 
•decomposed  by  fusion  with  an  alkaline  carbonate,  unless  silica  be 
also  present. 

For  the  qualitative  detection  of  fluorine  in  bones,  teeth,  and 
minerals  free  from  silica,  the  substance  is  finely  powdered  and 
mixed  to  a  paste  with  strong  sulphuric  acid,  in  a  good-sized  jilati- 
num  crucible.    The  crucible  is  then  covered  with  a  watch-glass, 
whose  convex  side  has  been  coated  with  wax,  and  marked  with 
lines  drawn  with  the  point  of  a  knife,  so  as  to  leave  the  glass  ex- 
yjosed  in  parts,  and  a  gentle  heat  is  applied.    A  little  water  should 
be  placed  in  the  hollow  of  the  watch-glass,  to  prevent  the  wax 
from  being  melted  by  the  heat.    After  some  hours  the  wax  is 
carefully  removed  from  the  Avatch-gla.'ss,  when,  if  fluorine  were 
present  in  the  substance,  the  glass  will  be  found  corroded  and 
made  opaque  in  those  portions  which  were  not  protected  by  the 
Avax.    If  only  very  small  traces  of  fluorine  be  present,  the  marks 
on  the  glass  may  not  be  at  once  perceptible  ;  but  they  will  be  made 
visible  at  once  by  breathing  on  the  convex  side  of  the  glass,  which 
has  previously  been  carefully  dried.    If  the  substance  to  be  ex- 
amined for  fluorine  contain  silica,  it  is  fused  with  carbonate  of 
sodium,  the  fused  mass  dissolved  in  water,  the  silica  precipitated 
from  the  solution  by  carbonate  of  ammonium  and  filtered  off,  the 
filtrate  neutralised  with  acetic  acid,  and  chloride  of  calcium  added 
to  it.    The  precipitate  thus  obtained,  which  will  contain  all  the 
fluorine,  is  collected,  and  treated  as  above  with  sulphuric  acid. 
Or  the  finely  divided  substance  may  be  heated  in  a  glass  flask,  Avitli 
strong  sulphuric  acid  and  a  fragment  of  marble  ;  and  the  gases 
evolved,  consisting  of  fluoride  of  silicon  and  carbonic  anhydride, 
conducted  into  aqueous  ammonia.  The  ammoniacal  solution  is  then 
evaporated  to  dryness,  the  residue  treated  with  water,  and  what- 
ever remains  undissolved  removed  by  filtration  ;  the  filtrate  again 
evaporated,  and  the  residue  examined  for  fluorine  as  above.  This 
method  is  only  applicable  to  silicates  in  which  the  proportion  of 
fluorine  is  very  small  as  compared  with  the  silica ;  if  the  substance 
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contains  excess  of  fluorine,  finely  powdered  silica  must  be  added 
to  it  before  this  process  can  be  employed. 

Blowpipe  reactions.  —  When  a  fluoride  is  heated  before  the 
bloAvpipe  with  microcosmic  salt  at  one  end  of  a  glass  tube,  open 
at  both  ends,  in  such  a  manner  that  the  flame  is  partially  carried 
through  the  tube,  vapour  of  water  is  given  otf,  together  with 
hydrofluoric  acid,  which  may  be  detected  by  its  action  on  the 
glass,  and  by  its  turning  yellow  a  strip  of  fcrnanibuc  paper,  held 
to  the  mouth  of  the  tube.  Many  silicates  containing  fluorine,  e.  g. 
mica,  tourmaline,  give  otf  fluoride  of  silicon  when  heated  alone. 

Estimation  of  Fluorine.  —  For  the  determination  of  fluorine  in 
insoluble  compounds  containing  phosphoric  acid,  the  substance  is 
fused  with  carbonate  of  sodium  and  silica,  the  fused  mass  treated 
Avith  water,  and  the  silica  removed  from  the  aqueous  solution  by 
carbonate  of  ammonium  :  the  filtrate  is  then  nearly  neutralised 
by  acetic  acid,  and  the  phosphoric  acid  and  fluorine  together  pre- 
cipitated by  chloride  of  calcium.  The  precipitate,  besides  phos- 
phate and  fluoride,  contains  also  some  carbonate  of  calcium,  to 
remove  which  it  is  ignited,  saturated  Avith  acetic  acid,  dried  in  a 
water-bath,  and  thoroughly  washed  with  water;  and  then  ignited 
and  weighed.  The  fluorine  is  then  driven  off*  by  heatino-  Avith 
concentrated  sulphuric  acid,  alcohol  is  added  to  the  residue  in 
order  to  precipitate  completely  the  sulphate  of  calcium  formed, 
and  the  phosphoric  acid  determined  in  the  filtrate  as  phosphate 
of  magnesium  and  ammonium. 

10.  Boron.  B.  Atomic  Aveight,  14'5. 

Occurs  in  nature  in  the  form  of  boric  acid,  either  free  (as 
sassolin),  or  combined  with  metals  (tincal,  boracite,  datolite),  and 
in  smaller  quantities  in  tourmalin,  axinite,  apyrite,  rhodizito,  &c. 
Boron  is  a  dark  poAvder,  Avhich  burns  when  heated  in  the  air, 
combining  Avith  oxygen,  and  forming  boric  anhydride. 

Oxides  and  Acids  op  Boron,    a.  Boric  Anhydride,  BO^.  

A  colourless,  transparent,  glassy  solid,  that  fuses  Avhen  Iieated 
alone,  but  does  not  volatilise  at  all.  It  is  soluble  in  Avater  and 
alcohol,  and  its  solution  deposits  crystals  of 

b.  Boric  Acid,  BO^IP. — Scaly  crystals,  of  a  pearly  lustre,  greasy 
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to  the  touch.  It  is  less  soluble  in  vrater  than  BO'^.  The  aqueous 
solution  feebly  reddens  litmus :  yellow  turmeric  paper  moistened 
with  it  assumes  a  distinctly  brown  colour  when  dried.  When  its 
aqueous  solution  is  evaporated,  the  boric  acid  partly  volatilises 
with  the  vapour  of  water :  this  volatilisation  is  completely  pre- 
vented by  the  addition  of  excess  of  carbonate  of  sodium,  but  not 
completely  by  ammonia,  ammoniacal  salts,  or  oxide  of  lead. 
When  evaporated  and  ignited  with  chloride  of  ammonium, 
boric  acid  is  partially  converted  into  infusible  nitride  of  boron, 
NB.  The  alcoholic  solution  of  boric  acid  burns  with  a  green 
flame,  on  Avhich  property  is  founded  a  method  of  detecting  the 
acid. 

The  alkaline  borates  are  readily  soluble  in  water.  The  solu- 
tion, whether  of  the  normal  or  acid  salt,  has  an  alkaline  reaction  ; 
it  absorbs  carbonic  and  sulphurous  anhydrides,  hydrosulphuric 
acid,  and  chlorine  abundantly,  and  dissolves  large  quantities  of 
sulphur,  arsenious  acid,  and  fatty  organic  acids.  When  an  alka- 
line borate  is  evaporated  to  dryness  with  hydrochloric  acid,  the 
alkaline  metal  is  entirely  converted  into  chloride,  and  its  amount 
may  be  determined  as  chloride  of  silver.  Most  other  borates  are 
difficultly  soluble  in  water :  none  however  are  absolutely  insoluble, 
so  that  boric  acid  cannot  be  entirely  precipitated  from  a  solution 
of  a  borate  by  any  metallic  salt.  A  not  too  dilute  solution  of  a 
borate  gives  with  salts  of  calcium,  barium,  lead,  silver,  subsalts  of 
mercury,  and  protosalts  of  iron,  white  or  yellow  precipitates,  which 
are  all  readily  soluble  in  acids  or  in  ammoniacal  salts.  Alkaline 
borates,  when  fused  with  metallic  oxides,  dissolve  many  of  them, 
forming  double  salts,  which,  in  many  cases,  possess  characteristic 
colours :  hence  borax  (acid  borate  of  sodium,  BO^NaH)  is  of 
great  use  as  a  blowpipe  reagent.  To  detect  boric  acid  before 
the  blowpipe,  the  substance  is  powdered,  and  mixed  with  from 
three  to  four  times  its  volume  of  a  mixture  of  1  part  fluorspar, 
and  4^  parts  acid  sulphate  of  potassium.  This  mixture  is 
moistened  with  water,  so  as  to  form  a  paste,  and  a  little  of 
it  taken  up  on  a  platinum-wire,  and  heated  in  the  inner  blow- 
pipe flame,  when,  if  boric  acid  be  present,  fluoride  of  boron  will 
be  formed,  and  will  communicate  a  momentary  green  colour  to 
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the  outer  flame.  If  boric  acid  be  present  in  small  quantities, 
very  keen  observation  is  necessary  to  detect  it  by  this  method. 

(c)  The  best  method  for  the  detection  of  boric  acid  either  in 
soluble  or  insoluble  borates,  is  to  mix  them  with  alcohol,  to  add 
sulphuric  acid  little  by  little,  and  set  fire  to  the  mixture,  when 
the  flame  of  the  alcohol  will  be  coloured  green.  The  mixture 
should  be  frequently  stirred  during  the  combustion.  This  reac- 
tion alone  is  not  absolutely  decisive  as  to  the  presence  of  borio 
acid,  since  there  are  other  substances,  e.  g.  salts  of  copper,  which 
communicate  a  similar  green  colour  to  the  flame  of  alcohol. 
Another  method  is  to  immerse  a  strip  of  yellow  turmeric  paper 
into  a  solution  in  hydrochloric  acid  of  the  substance  under  exam- 
ination :  Avhen,  if  even  a  trace  of  boric  acid  be  present,  the 
turmeric  paper,  after  being  dried,  will  have  a  brown  colour.  When 
heated  with  sulphuric  and  hydrofluoric  acids,  or  (less  readily) 
with  sulphuric  acid  and  alcohol,  borates  are  decomposed  ;  in 
the  former  case  fluoride  of  boron,  in  the  latter  boric  ether,  being 
formed.  All  insoluble  native  borates  are  entirely  decomposed  by 
fusion  with  an  alkaline  carbonate.  In  a  mixture  of  a  borate  and 
a  phosphate,  the  phosphoric  acid  may  be  precipitated  as  phosphate 
of  magnesium  and  ammonium,  while  the  boric  acid  remains  in 
solution. 

Estimatio7i  of  Boron.  —  Stromeyer  (Ann.  Ch.  Pharm,  c.  82) 
states  that  boron  may  be  estimated  as  fluoborate  of  potassium, 
BF^Iv^.  He  adds  excess  of  hydrofluoric  acid  to  a  solution  of 
borate  of  potassium,  and  evaporates  to  dryness  in  a  platinum  or 
silver  vessel.  The  dry  salt  is  stirred  up  with  a  solution  of  acetate 
of  potassium  of  20  p.  c,  and  after  some  hours  thrown  on  a  weighed 
filter,  washed  first  with  the  same  solution,  then  with  strong  alcohol, 
dried  at  100°,  and  weighed. 

.11.  iSilicon.    Si.    Atomic  weight,  28*5. 

One  of  the  most  widely  spread  elements  in  the  mineral  kingdom. 
It  occurs  native  always  in  the  form  of  silicic  acid,  or  silica,  either 
free  or  combined :  by  far  the  majority  of  minerals  are  silicates  of 
different  bases,  in  which  the  silica  and  the  metal  exist  in  the  most 
various  proportions.    It  also  occurs  in  the  ashes  of  vegetable  and 
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animal  substance!?,  and,  as  soluble  silica,  in  mineral  springs.  Pure 
silicon  is  a  dark-brown,  heavy  powder,  which  is  partially  oxidised 
when  heated  in  contact  with  air. 

OxiDKS  AND  Acids  of  Silicon,  a.  Silicic  Anhydride,  Silica, 
SiO^. — Silica  is  found  native  in  two  modifications ;  the  crystalline 
(quartz,  rock-crystal)  and  the  amorphous  (opal,  hyalite,  &c.). 
In  chalcedony,  agate,  and  flint,  both  modifications  are  present. 
When  artificially  prepared,  silica  is  a  white  amorphous  powder, 
non-volatile  at  any  heat,  absolutely  insoluble  in  water  and  in  all 
acids,  excepting  hydrofluoric  acid,  more  soluble  than  the  crystalline 
modification  in  caustic  alkalis  or  alkaline  carbonates.  It  com- 
bines with  one  atom  of  water,  forming 

b.  Silicic  Acid,  SiO-'H^. — This  is  sometimes  called  soluble  silica: 
it  is  soluble  in  all  acids,  and  to  a  slight  extent  in  water.  It  is 
obtained  when  an  aqueous  solution  of  an  alkaline  silicate  is 
decomposed  by  an  acid,  or  when  fluoride,  chloride,  or  sulphide  of 
silicon  is  decomposed  by  water ;  when  it  separates  as  a  trans- 
parent gelatinous  mass.  When  dried  (and  more  speedily  if 
ignited)  it  loses  its  water  and  becomes  insoluble  in  acids,  being 
in  fact  converted  into  silica. 

All  silicates  are  insoluble  in  water,  with  the  exception  of  those 
of  potassium  and  sodium.  The  aqueous  solution  of  an  alkaline 
silicate  has  an  alkaline  reaction,  and  gives  with  calcium-,  barium-, 
lead-,  and  siVrcr-salts  a  white  or  yellowish  precipitate,  soluble  in 
dilute  nitric  or  hydrochloric  acid  :  it  is  decomposed  by  a  concen- 
trated acid,  silicic  acid  being  separated.  Chloride  and  carbonate 
of  ammonium,  and  (though  less  completely),  sulphides  of  ammo- 
nium and  potassium,  precipitate  gelatinous  silicic  acid  from 
solutions  of  alkaline  silicates :  lime-  or  baryta-water,  a  solution  of 
alumina,  in  potash,  or  of  oxide  of  zinc  in  ammonia,  precipitate 
insoluble  double  silicates,  (c)  When  a  concentrated  solution  of 
an  alkaline  silicate  is  saturated  with  nitric  or  hydrochloric  acid, 
gelatinous  silicic  acid  is  separated  ;  if  the  solution  be  very  dilute, 
the  silicic  acid  remains  in  solution.  When  this  solution  is 
evaporated  to  a  certain  point,  the  silicic  acid  separates  either  as  a 
gelatinous  mass  or  a  flaky  powder,  which,  when  completely  dried 
in  the  water-bath,  is  converted  into  insoluble  silica.    If  the  dry 
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residue  (wliicli  must  not  have  been  ignited)  be  now  treated  with 
water,  the  aliialinc  or  earthy  chlorides  or  nitrates  that  have  been 
formed  are  dissolved  out,  and  pure  silica  is  left.  If  any  of  those 
metals  be  present  whose  chlorides  or  nitrates  lose  a  portion  of 
their  acid  when  evaporated  to  dryness,  and  form  basic  salts  in- 
soluble in  water  {e.  g.  aluminium,  iron,  magnesium),  it  is  necessary 
to  moisten  the  dry  residue  with  concentrated  hydrochloric  acid 
before  treating  it  with  water,  and  to  let  it  stand  for  half  an  hour 
in  the  cold :  by  which  process  the  insoluble  basic  salts  are  entirely 
converted  into  soluble  normal  salts,  and  can  be  completely  dis- 
solved out  by  water.  This  is  the  process  adopted  for  the  separa- 
tion of  silica  from  all  bases  that  are  soluble  in  nitric  or  hydro- 
chloric acids. 

Gelatinous  silicic  acid,  or  silica  that  has  not  been  ignited,  is 
readily  and  abundantly  soluble  in  caustic  alkalis,  or  alkaline 
carbonates,  especially  on  the  application  of  heat.  Crystalline 
silica,  or  amorphous  silica  after  ignition,  is  less  easily  soluble 
in  alkalis:  but  both  are  readily  converted  into  the  soluble  modi- 
fication by  fusion  (whether  free  or  in  combination  with  bases) 
with  an  excess  of  alkaline  carbonate.* 

Bloicpipe  reoctiofis. — Besides  its  absolute  insolubility  in  all 
acids  except  hydrofluoric  acid,  silica  exhibits  before  the  blow- 
pipe some  characteristic  reactions  by  which  it  is  easily  recognised, 
(c)  When  heated  with  microcosmic  salt  on  a  platinum  wire  before 
the  blowpipe,  silica  is  scarcely  dissolved  at  all,  but  a  clear  bead 
is  obtained  in  which  the  silica  is  perceptible  as  a  spongy  mass. 
The  undissolved  silica  is  more  perceptible  while  the  bead  is  hot 
than  after  it  hsis  cooled.  If  pure  silica  be  employed,  the  bead  is 
quite  clear,  and  not  at  all  opalescent.  If  a  silicate  be  employed, 
its  base  is  dissolved  by  the  microcosmic  salt,  while  the  silica 
remains  undissolved  :  but  the  solution  of  many  metallic  bases  in 
microcosmic  salt  furnishes  an  opalescent  bead,  in  which  the 
undissolved  silica  cannot  well  be  discerned.    When  heated  with 

*  Owing  to  the  solubility  of  silica  in  caustic  alkalis  or  alkaline  carbonates,  it 
is  impossible  in  accurate  analysis  to  heat  or  evaporate  solutions  containing  these 
substances  in  glass  or  porcelain  vessels ;  in  such  cases  platinum  vessels  must  be 
employed. 
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horax  before  the  blowpipe,  silica  is  slowly  but  completely  dis- 
solved, a  transparent  colourless  glass  being  formed,  (c)  When 
heated  before  the  blowpipe  with  carbonate  of  sodium,  silica,  or 
a  silicate  rich  in  silica,  displaces  carbonic  anhydride,  w^ith  effer- 
vescence, and  fuses  to  a  clear  glass,  which  remains  transparent  on 
cooling.  The  alkaline  carbonate  must  not  be  employed  in  excess. 
It  is  very  difficult  to  obtain  this  reaction  with  silicates  containing 
calcium  or  magnesium.  Silica  is  the  only  body  which  exhibits 
this  reaction. 

Pure  silica  leaves  no  residue  when  evajwrated  witli  excess  of 
hydrofluoric  acid.  It  is  also  entirely  soluble  when  boiled  in  a 
platinum  vessel  with  a  solution  of  caustic  alkali  or  alkaline  car- 
bonate ;  the  solution,  if  saturated,  deposits  gelatinous  silicic  acid 
on  cooling.  If  an  earthy  or  other  metal  be  present,  a  metallic 
silicate  remains  undissolved.  These  reactions  are  employed  for 
testing  the  purity  of  silica. 

Analysis  of  Silicates. — The  different  silicates  which  are  found 
native,  or  prepared  artifically,  are  either  crystalline,  or  amorphous, 
transparent,  variously  coloured  bodies  (e.  g.  glass)  ;  they  generally 
contain  a  variety  of  bases,  according  to  the  quantity  and  nature 
of  which  the  behaviour  of  different  silicates  towards  decomposing 
agents  varies  considerably.  Some  silicates  are  entirely  decom- 
posed when  finely  powdered  and  treated  with  acids,  the  whole  of 
the  silica  being  separated  as  gelatinous  silicic  acid.  To  this  class 
belong  the  Zeolites,  Avhich  are  distinguished  by  their  containing 
a  certain  quantity  of  water  ;  the  majority  sc  or  ice  ;  and  generally 
those  silicates  in  which  the  proportion  of  a  strong  base  greatly 
exceeds  that  of  the  silica.  Many  silicates  {e.  g.  Vesuvian, 
garnet)  require  to  be  ignited  or  fused  before  they  can  be  decom- 
posed by  acids.  Zeolites,  when  their  water  has  been  driven  off  by 
ignition,  are  more  difficultly  attacked  by  acids  than  they  are 
before  ignition.  There  are  however  some  exceptions  to  this  rule  ; 
for  prehnite,  a  silicate  containing  water,  is  more  readily  decom- 
posed by  acids  after  than  before  ignition. 

The  analysis  of  those  silicates  which  arc  completely  decom- 
posed by  acids  is  very  easily  effected.  The  substance  is  finely  pow- 
dered and  digested  with  concentrated  hydrochloric  acid  (at  a  gentle 
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lieatjif  necessary),  till  no  gritty  particles  can  be  detected  by  rubbing 
with  a  glass  rod,  and  only  gelatinous  silicic  acid  remains  undis- 
solved. A  portion  of  the  silicic  acid  is  dissolved  by  the  hydro- 
chloric acid,  to  render  which  insoluble,  the  mixture  is  evaporated 
to  complete  dryness  in  the  watei--bath,  with  frequent  stirring  to- 
wards the  end  of  the  operation :  when  the  residue  is  completely 
dry,  it  is  thoroughly  moistened  with  concentrated  hydrochloric 
acid,  and  allowed  to  stand  for  half  an  hour  in  the  cold,  then 
digested  with  warm  water,  the  silica  filtered  off,  dried,  ignited,  and 
weighed.  Moderately  dilute  sulphuric  acid  decomposes  the 
majority  of  silicates  more  readily  than  hydrochloric  acid ;  but  as 
the  analysis  by  sulphuric  acid  of  those  which  contain  calcium  is 
attended  with  considerable  difficulty,  hydrochloric  acid  is  prefer- 
able in  such  cases.  Nitric  acid  is  used  in  the  case  of  silicates 
which  contain  lead. 

The  niiijority  of  silicates,  however,  cannot  be  completely  de- 
composed by  simple  digestion  with  acids.  For  the  analysis  of 
this  class  of  silicates,  the  first  step  is  to  render  them  decom- 
posable by  hydrochloric  acid.  This  is  generally  effected  as 
follows  :  the  mineral  is  reduced  to  an  impalpable  powder,  by 
pounding  in  an  agate  mortar,  (and  levigation,  if  necessary,)  and 
then  fused  in  a  platinum  crucible  with  from  3  to  4  times  its  weight 
of  dry  carbonate  of  sodium,  or  of  a  mixture  of  2  parts  carbonate 
of  potassium,  and  part  carbonate  of  sodium.  As  the  heat 
of  a  lamp  is  generally  insuflicient  for  this  purpose,  the  platinum 
crucible  is  placed  in  an  earthen  crucible  half  filled  with  carbonate 
of  magnesium,  and  exposed  to  a  full  red  heat  in  the  furnace  for 
twenty  minutes  or  half  an  hour.  The  platinum  crucible,  Avhen 
cold,  is  placed  in  a  beaker,  and  the  fused  mass  dissolved  by  the 
gradual  addition  of  dilute  hydrochloric  acid  :  in  orderte  avoid  loss 
from  the  violent  effervescence  caused  by  the  escape  of  carbonic 
anhj'dride,  the  beaker  is  covered  with  a  watch-glass  or  a  porcelain 
basin.  Gentle  heat  is  applied  to  facilitate  the  decomposition  of 
the  fused  mass,  and  then  it  must  be  ascertained  by  rubbing  with 
a  glass-rod  that  there  are  no  gritty  particles  of  undecomposcd 
silicate  among  the  separated  silicic  acid.  From  this  point  the 
analysis  proceeds  precisely  in  the  manner  detailed  above  in  the 
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case  of  silicates  which  are  decomposed  by  acids.  The  silica  is 
"weighed  directly,  and  all  the  bases,  except  the  alkaline  metals,  are 
determined  in  the  filtered  solution.  The  silica  must  be  com- 
pletely dried  before  ignition. 

Many  native  silicates,  (as  zircon,  cyanite,  cymophane,  &c.) 
are  decomposed  with  difficulty  by  fusion  with  alkaline  carbonates, 
a  long  time  and  a  very  strong  heat  being  required.  In  these  cases 
the  decomposition  is  facilitated  by  the  addition  of  a  fragment  of 
potash  or  soda,  which,  however,  to  avoid  injuring  the  crucible,  must 
be  introduced  into  the  middle  of  the  mixture  of  silicate  and  car- 
bonate, which  has  been  solidly  pressed  down  into  the  crucible. 

It  is  obvious  that  fusion  with  alkaline  carbonates  is  inadmissible 
for  the  determination  of  the  alkaline  metals  contained  in  silicates. 
For  this  purpose  carbonate  of  barium,  or  caustic  baryta,  must  be 
substituted  for  the  alkaline  carbonates.    In  this  case  the  decompo- 
sition is  more  difficult.    The  silicate  and  its  flux  must  be  mixed 
together  most  intimately,  and  a  longer  time  is  required  for  the  fu- 
sion.   The  silica  is  separated  in  the  same  manner  as  in  the  former 
case :  the  barium  is  then  removed  from  the  acid  solution  by  the 
careful  addition  of  sulphuric  acid,  and  the  other  bases  estimated 
in  the  filtrate.    Or  the  silica  and  all  the  bases  except  the  alkaline 
metals  may  be  estimated  by  fusion  with  alkaline  carbonates,  and 
the  alkaline  metals  estimated  in  another  portion  of  the  mineral 
by  decomposing  it  by  hydrofluoric  acid.    For  this  purpose  the 
mineral  is  finely  powdered,  moistened  with  dilute  sulphuric  acid 
in  a  platinum  crucible,  and  i^laced  in  a  leaden  vessel  covered  with 
a  lid,  at  the  bottom  of  which  is  a  quantity  of  powdered  fluorspar 
covered  with  concentrated  sulphuric  acid.    Gentle  heat  is  applied, 
and  the  silicate  is  exposed  to  the  vapours  of  hydrofluoric  acid  for 
one  or  two  days.    All  the  silica  is  thus  volatilised  as  fluoride  of 
silicon,  and  a  clear  solution  obtained  containing  sulphates  of  all 
the  metals  contained  in  the  silicate.    This  is  treated  with  sul- 
phuric acid,  evaporated  to  dryness,  and  the  alkaline  metals  deter- 
mined in  the  residue  in  the  usual  wav. 

Many  minerals  (as  clinkstone,  clayslate,  &c.)  contain  a  mixture 
of  both  classes  of  silicates,  and  so  may  be  partially,  but  not  com- 
pletely, decomposed  by  acids.    These  are  digested  in  concentrated 
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liydrocliloric  acid,  diluted  with  water,  and  filtered,  when  the  fil- 
trate contains  the  bases  of  the  decomposable  silicates.  The  sepa- 
rated silicic  acid,  together  with  the  undecomposed  silicates,  is  then 
repeatedly  boiled  with  fresh  portions  of  a  strong  solution  of  car- 
bonate of  potassium,  and  filtered  hot.  The  alkaline  solution  con- 
tains all  the  silicic  acid  of  the  decomposable  silicates,  which  is 
separated  as  silica  by  evaporation  to  dryness  with  hydrochloric 
acid.  The  insoluble  residue  is  then  analysed  by  the  methods  de- 
scribed for  the  analysis  of  silicates  undecomposable  by  acids. 

In  some  silicates  there  are  other  constituents  to  be  estimated 
besides  water,  silica,  and  metallic  bases.  Thus,  tourmaline  contains 
fluorine  and  boric  acid;  nosean,  chlorine  and  sulphuric  acid; 
cancrinite,  carbonic  acid  ;  haiiyne  and  ultramarine,  chlorine  and 
sulphur  ;  and  many  minerals  contain  phosphoric  acid.  Tourmaline 
cannot  be  decomposed  by  hydrofluoric  acid  till  it  has  been  ignited 
and  all  its  fluorine  driven  off"  as  fluoride  of  silicon. 

Silica  is  separated  from  litmiic  acid  by  fusion  in  a  platinum 
crucible  with  acid  sulphate  of  potassium,  and  subsequent  treatment 
with  water,  which  dissolves  out  the  titanic  acid,  while  the  silica 
remains  undissolved. 

c.  Fluosilicic  Acid,  SiF^H^.  —  When  fluoride  of  silicon  is  con- 
ducted into  water  it  is  partially  decomposed,  silicic  acid  being  sepa- 
rated, while  fluosilicic  acid  remains  in  solution  (3SiF^+ 30H^  = 
2SiF''H'-  +  SiO-'H-).  Fluosilicic  acid  is  a  colourless  liquid,  having 
an  acid  reaction  :  when  evaporated  in  a  platinum  vessel  it  vola- 
tilises entirely,  being  decomposed  into  fluoride  of  silicon  and 
hydrofluoric  acid.  If  the  free  acid,  or  a  fluosilicate  mixed  with 
hydrocliloric  acid,  be  evaporated  in  glass  vessels,  the  hydrofluoric 
acid  set  free  attacks  the  glass.  Fluosilicates  are  mostly  soluble  in 
water,  and  are  decomposed  by  acids  and  alkalis.  With  sodium- 
potassium-,  lithium-,  and  barium-s,h\i9,,  they  give  a  gelatinous  i:)reci- 
pitatc,  which  separates  entirely  on  the  addition  of  alcohol.  (This 
precipitation  of  barium  by  fluosilicic  acid  aflTords  the  best  method 
for  separating  barium  from  strontium.)  Fluosilicates  are  all  de- 
composed by  heat,  fluoride  of  silicon  being  given  off,  while  a 
metallic  fluoride  is  left. 

Boron  forms  with  fluorine  a  compound  analogous  to  fluosilicic 
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acid.  The  reactions  of  fluoboric  acid  closely  resemble  those  of 
fluosilicic. 

]2.  Pliospliorus.  P.  Atomic  weight,  31. 

Phosphorus  occurs  very  abundantly  both  in  the  mineral  and  the 
organic  kingdom,  almost  exclusively  in  the  form  of  metallic  jjhos- 
phates.  At  least  two  different  modifications  of  it  are  known  ;  viz. 
Ordinary,  ixwdi  Amorphous  phosphorus.  Ordinary  phosphorus  is  a 
yellowish- white  opaque  solid,  Avhose  structure  is  really,  though  not 
apparently,  crystalline :  it  melts  at  about  44°,  and  volatilises  be- 
tween 250°  and  300°.  It  is  insoluble  in  water,  very  slightly  solu- 
ble in  alcohol  and  ether,  readily  soluble  in  bisulphide  of  carbon. 
It  emits  light  in  the  dark  at  ordinary  temperatures.  It  is  very 
readily  oxidised  by  all  oxidising  agents,  forming  phosphoric  and 
phosphorous  anhydrides:  in  contact  with  the  air  it  takes  fire  on  a 
very  slight  elevation  of  temperature,  or  even  by  friction,  and  burns 
with  a  brilliant  flame,  forming  dense  white  fumes,  principally  of 
phosphoric  anhydride.  When  heated  in  an  atmosphere  free  from 
oxygen,  it  passes  into  the  amorphous  modification.  This  is  a  dark 
red  powder,  which  is  insoluble  in  bisulphide  of  carbon.  It  is  a 
much  less  active  body  than  the  ordinary  phosphorus,  and  may  be 
heated  in  contact  with  air  to  considerably  above  200°  without 
taking  fire.  At  about  260°,  it  is  reconverted  into  ordinary  phos- 
phorus. In  the  decomposition  of  many  compounds  containing 
phosphorus,  the  element  frequently  separates  in  this  modification. 

Acids  and  Oxides  of  Phosphokus.  a.  Phosphide  of  Hydrogen, 
(phosphuretted  hydrogen),  PH^.  Metallic  Phosphides.  —  Phos- 
phorus combines  with  hydrogen  and  several  other  metals,  forming 
metallic  phosphides.  Phosphide  of  hydrogen  is  a  colourless  gas, 
with  a  peculiar  smell  resembling  that  of  garlic ;  slightly  soluble 
in  water.  It  is  readily  inflammable :  and  sometimes,  when  it 
contains  a  lower  phosphide  of  hydrogen,  it  takes  fire  spontaneously 
in  contact  with  the  air.  It  is  entirely  absorbed  by  a  solution  of 
a  gold-  or  «Vrer-salt,  producing  a  dark  precipitate  of  reduced  metal, 
phosphoric  acid  being  formed  simultaneously.  With  lead-  and 
copper-salts  it  gives  a  black,  with  chloride  of  mercury,  a  yellow, 
precipitate,  consisting  chiefly  of  metallic  phosphide. 
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b.  Phosphoric  Anhydride,  P^Qs. — Formed  by  the  complete  and 
rapid  combustion  of  phosphorus  in  dry  air  or  oxygen.  A  Avhite 
flaky  powder,  readily  soluble  in  water  and  alcohol.  It  is  one  of 
the  most  hygroscopic  substances  known,  rapidly  absorbing 
moisture  from  the  air  and  being  converted  into  metaphosphoric 
acid :  hence  it  is  frequently  employed  for  drying  gases. 

c.  Ordinan/  or  Tribasic  Phosphoric  Acid,  VO^^R^  Ordinary 

phosphoric  acid  forms  colourless  crystals,  or  a  syrupy  fluid, 
which,  at  a  high  temperature,  loses  the  elements  of  water,  and  is 
converted  wholly  or  partially  into  metaphosphoric  acid,  rO"*!!. 
When  heated  to  redness  in  an  open  platinum  vessel  it  volatilises 
entirely  without  leaving  any  residue:  in  a  glass  or  porcelain 
vessel  a  residue  is  left,  since  phosphoric  acid  partially  decomposes 
silicates.  Phosphoric  acid  is  i-eadily  soluble  in  water  and  alcohol- 
Its  solution  has  a  strong  acid  reaction,  and  gives  no  precipitate 
with  a  solution  of  aWumen  or  of  chloride  of  barium:  with  excess 
of  lime-  or  baryta-ivater  it  gives  a  white  precipitate. 

Phosphoric  acid,  being  tribasic,  forms  three  classes  of  salts, 
according  as  one,  two,  or  three  atoms  of  basic  hydrogen  are 
replaced  by  metals.  There  are  the  Biacid  Phosphates  (PO'^Nall^), 
the  Monacid  (P0*»Na2H),  and  the  Normal  Phosphates  (PO^Na^). 
Only  the  alkaline  phosphates  are  soluble  in  Avater  ;  the  solution 
has  an  alkaline  reaction :  all  others  are  difficultly  soluble  or 
insoluble  in  water,  readily  soluble  in  nitric  or  hydrochloric  acids. 
The  alkaline-earthy  phosphates,  when  freshly  precipitated,  are 
soluble  in  acetic  acid.  When  the  solution  of  an  alkaline-earthy 
phosphate  in  an  acid  is  neutralised  by  an  alkali,  the  original 
phosphate  is  precipitated  unchanged,  and  is  not  soluble  in  excess 
of  alkali.  The  insoluble  phosphates  which  are  precipitated  from 
metallic  solutions  by  phosphate  of  sodium,  are  generally  soluble  in 
excess  of  the  solution  from  which  they  are  precipitated ;  when 
this  solution  is  heated  a  precipitate  is  produced,  which  redissolves 
on  cooling. 

With  nitrate  of  silver  soluble  phosphates  give  a  yellow  pre- 
cipitate of  PO'*Ag'',  soluble  in  nitric  acid  and  ammonia.  With 
acetate  of  lead,  they  give  a  white  precipitate  of  PO'^Pb^,  in- 
soluble in  ammonia  and  acetic  acid,  soluble  in  nitric  acid.    If  a 


58 


rnospiiora'S. 


PART  I. 


chloride  be  present,  the  precipitate  contains  chloride  of  lead 
chemically  combined  with  it.  (c)  When  fused  before  the  blow- 
pipe, phosphate  of  lead  forms  a  crystalline  bead  on  cooling.  With 
chlorides  of  barium  and  calcium,  they  give  white  precipitates  of 
PO^Ba-II,  and  PO''Ca-II,  readily  soluble  in  nitric,  hydrochloric, 
phosphoric,  and  acetic  acids.  Phosphate  of  calcium  separates 
from  its  acetic  acid  solution,  after  some  time  (especially  if  heated), 
in  a  crystalline  form.  It  is  also  somewhat  soluble  in  water  con- 
taining carbonic  acid ;  and  in  ammoniacal  salts,  even  in  pre- 
sence of  free  ammonia.  From  its  acetic  acid  solution  (or  from  its 
hydrochloric  acid  solution  after  addition  of  sufficient  acetate  of 
sodium)  the  whole  of  the  calcium  may  be  precipitated  as  oxalate 
by  oxalate  of  ammonium.  From  its  hydi'ochloric  or  nitric  acid 
solution,  the  addition  of  sulphuric  acid  and  alcohol  removes  the 
whole  of  the  calcium  as  sulphate.  (These  methods  are  employed 
for  the  estimation  of  lime  in  the  ashes  of  plants,  and  in  bone- 
earth.)  (c)  With  sulphate  or  chloride  of  magnesium,  to  which 
ammonia  and  chloride  of  ammonium  have  been  added*,  they  give 
a  white  crystalline  precipitate  of  PO'^Mg-NIP  +  GH^O,  readily 
soluble  in  all  acids,  slightly  soluble  in  pure  water,  absolutely 
insoluble  in  water  containing  free  ammonia,  even  in  presence  of 
excess  of  ammoniacal  salts.  In  very  dilute  solutions  the  precipi- 
tate forms  very  slowly ;  its  deposition  is  accelerated  by  scratch- 
ing, with  a  glass  rod,  the  inside  of  the  vessel  containing  the 
solution.  Tiiis  precipitate,  which  by  ignition  is  converted  into 
P207i\Ig'»  (2P04Mg2NH4=p207Mg4  +  2NH3  +  OH2),  serves  for 
the  detection  and  estimation  of  phosphoric  acid  (in  absence  of 
arsenic  acid)  in  all  compounds  which  are  soluble  in  water,  and 
whose  aqueous  solution  is  not  precipitated  by  ammonia  and  chlo- 
ride of  ammonium.  If  tartaric  acid  and  a  sesquisalt  of  iron  be 
present,  the  precipitate  is  likely  to  contain  a  little  tartrate  of  mag- 
nesium and  sesquioxide  of  iron. 

With  sesquichloride  of  iron,  they  give  a  yellowish-white  preci- 
pitate of  sesquiphosphate,  PO'^Fe^,  soluble  in  hydrochloric  acid, 

*  Add  ammonia  to  the  magnesium  solution  ;  dissolve  the  precipitated  hydrate 
of  magnesium  in  hydrochloric  acid,  and  then  add  excess  of  ammonia :  no  pre- 
cipitate is  formed,  since  hydrate  of  magnesium  is  soluble  in  ammoniacal  salts. 
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excess  of  sesquichloride,  in  sesquiacetate  of  iron,  and  in  ammonia. 
This  precipitate  is  absolutely  insoluble  in  acetic  acid  ;  it  therefore 
forms  when  acetate  of  sodium  is  added  to  its  solution  in  hydro- 
chloric acid,  or  when  acetate  of  sodium  and  a  little  sesquichloride 
of  iron  are  added  to  the  hydrochloric  acid  solution  of  an  alkaline- 
earthy  phosphate.  When  the  hydrochloric  acid  solution  of  any 
phosphate  (the  free  acid,  if  any,  having  been  first  neutralised 
Avith  ammonia  or  carbonate  of  ammonium)  is  treated  Avitli  acetate 
of  sodium  and  a  slight  excess  of  sesquichloride  of  iron  (just  enough 
to  give  a  red  tinge  to  the  solution),  and  the  mixture  heated  to 
boiling,  a  reddish-brown  precipitate  is  formed,  which  contains  all 
the  phosphoric  acid  and  all  the  sesquioxide  of  iron :  it  must  be 
filtered  hot,  and  washed  with  hot  water.  Arsenic  acid  exhibits 
this  reaction  as  well  as  i)hosphoric  acid;  and  sesquisalts  of  alumi- 
nium are  precipitated  under  the  same  circumstances,  though  not  so 
completely  as  sesquisalts  of  iron.  On  this  reaction  is  based  an 
accurate  method  for  the  estimation  of  phosphoric  acid  by  means 
of  a  known  volume  of  a  standard  solution  of  sesquichloride  of 
iron  ;  as  well  as  for  the  complete  removal  of  phosphoric  acid  and 
of  iron  fi*om  a  solution  in  which  calcium,  magnesium,  manganese, 
and  other  isomorphous  metals,  have  to  be  estimated.  Sesqui- 
7iitrate  of  itranium  behaves  with  soluble  phosphates  exactly  like 
sesquisalts  of  iron.  Subnitrate  of  mercury  gives,  with  soluble 
phosphates,  a  white  precipitate,  readily  soluble  in  nitric  acid.  If 
the  solution  of  any  phosphate  in  excess  of  nitric  acid  is  evaporated 
in  the  water-bath  to  complete  dryness,  with  excess  of  metallic 
mercury,  and  the  dry  residue  (which  contains  no  free  acid)  treated 
with  water,  all  the  metals  contained  in  the  phosphates  are  dis- 
solved as  nitrates,  while  the  whole  of  the  phosphoric  acid  remains 
undissolved  as  subpliosphate  of  mercury.  This  reaction  is  em- 
ployed by  H.Rose  for  the  separation  of  phosphoric  acid  from  all 
metals,  excepting  aluminium.  The  insoluble  portion  is  I'reed  from 
mercury  by  gentle  ignition  with  an  alkaline  carbonate,  and  the 
phosphoric  acid  estimated  in  it  as  phosphate  of  magnesium  and 
ammonium:  the  mercury  is  removed  from  the  soluble  portion  by 
hydrochloric  acid  and  ammonia,  or  by  evaporation  and  gentle 
ignition.    If  a  sesquisalt  of  iron  be  present,  the  iron  is  found 
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partly  in  the  soluble,  partly  in  the  insoluble  portion.  If  the 
nitric  acid  solution  of  the  pliosphates  of  the  alkaline  or  alkaline- 
earthy  metals,  or  of  magnesium,  be  evaporated  to  dryness  ■with  a 
solution  of  scsquinitrate  of  iron,  which  contains,  at  least,  enough 
iron  to  combine  with  all  the  phosphoric  acid  present,  and  the 
residue  heated  to  180°,  until  it  ceases  to  give  off  nitrous  fumes, 
all  the  above-named  bases  are  converted  into  soluble  nitrates,  Avhile 
all  the  iron  remains  as  insoluble  sesquiphosphate.  The  nitric  acid 
solution  must  be  entirely  free  from  hydrochloric  or  sulphuric  acid. 
A  sesquisalt  of  aluminium  may  be  substituted  for  the  sesquisalt 
of  iron  ;  but  in  this  case  the  separation  is  less  complete. 

(c)  The  best  reagent  for  the  detection  of  very  small  traces  of 
phosphoric  acid  is  molijhdate  of  ammonium.  If  the  solution  of  a 
phosphate  be  added  to  excess  of  a  solution  of  this  reagent,  free 
nitric  acid  added,  and  the  whole  heated,  the  solution  immediately 
assumes  a  yellow  colour,  and  a  bright  yellow  precipitate  of  phos- 
phate and  molybdate  of  ammonium  is  formed,  either  immediately 
or  after  some  time.  Tliis  precipitate  is  insoluble  in  acids,  soluble 
in  ammonia,  or  in  excess  of  the  phosphate  ;  hence  this  reaction  is 
peculiarly  fitted  for  the  detection  of  very  small  traces  of  phos- 
phoric acid  (as  in  minerals,  soils,  or  the  deposits  from  mineral 
springs).    Arsenic  acid  exhibits  the  same  reaction. 

Normal  phosphates  of  fixed  bases  are  not  at  all  decomposed  by 
ignition,  biacid  phosphates  are  converted  by  ignition  into  meta- 
phosphates,  monacid  phosj^hates  into  a  mixture  of  normal  phos- 
phate and  metaphosphate  (pyrophosphate).  The  alkaline-earthy 
phosphates  are  only  partially  decomposed  by  fusion  with  an 
alkaline  carbonate,  while  most  other  insoluble  phosphates  (e.  ^7. 
phosphates  of  magnesium,  zinc,  copper,  protophosphate  of  man- 
ganese, sesquiphosphate  of  iron)  are  completely  decomposed  by 
this  means ;  the  fused  mass  always  contains  tribasic  phosphoric 
acid.  By  boiling  in  a  solution  of  caustic  alkali  or  of  alkaline 
carbonate,  the  insoluble  phosphates  are  only  partially,  or  not  at 
all,  decomposed.  Phosphate  of  aluminium  can  only  be  completely 
decomposed  by  fusion  witli  its  own  weight  of  silica,  and  six  times 
its  weight  of  carbonate  of  sodium  ;  the  fused  mass  is  tlien  dis- 
solved in  water,  the  silicic  acid  precipitated  by  carbonate  of 
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ammonium  and  filtered  off,  the  filtrate  acidulated  with  hydro- 
chloric acid  and  saturated  with  ammonia,  and  the  phosphoric 
acid  preci[)itated  from  it  by  a  salt  of  magnesium. 

Separation  and  estiinalion  of  Phosphoric  Acid. — When  the 
hydrochloric  acid  solution  of  sesquiphosphate  of  iron,  phosphate 
of  aluminium,  magnesium,  &c.,  is  digested  with  excess  of  car- 
bonate of  barium,  the  whole  of  the  phosphoric  acid  is  removed  ; 
if  any  sesquisalts  be  present,  their  metals  are  precipitated  at  the 
same  time  as  sesquihydrates.  Phosphoric  acid  may  be  completely 
separated  from  barium,  strontium,  and  lead,  by  sulphuric  acid; 
from  calcium,  by  sulphuric  acid  and  alcohol.  Phosphate  of  lead, 
suspended  in  Avater,  is  completely  decomposed  by  hydrosulphuric 
acid,  sesquiphosphate  of  iron  by  sulphide  of  ammonium ;  all  the 
phosphoric  acid  is  contained  in  the  filtrate.  For  the  accurate 
separation  of  phosphoric  acid  from  an  excess  of  sesquisalt  of  iron 
(even  in  presence  of  calcium  and  magnesium),  the  substance  is 
dissolved  in  hydi'ochloric  acid,  and  the  solution  heated  to  boiling 
with  sulpliite  of  sodium,  until  all  the  sesquisalt  of  iron  is  con- 
verted into  protosalt;  the  excess  of  sulphurous  acid  is  then  driven 
off  by  boiling,  the  solution  neutralised  witli  carbonate  of  sodium, 
a  very  little  chlorine-water  added  in  order  to  reconvert  a  small 
quantity  of  the  iron  into  sesquisalt,  then  an  excess  of  acetate  of 
sodium.,  wlien,  if  the  least  trace  of  phosphoric  acid  be  present,  a 
white  precipitate  of  sesquiphosphate  of  iron  is  formed.  Chlorine- 
water  is  then  again  added,  drop  by  drop,  until  the  solution  assumes 
a  red  tinge,  the  whole  heated  to  boiling,  and  filtered.  The  pre- 
cipitate, which  contains  all  the  phosphoric  acid,  is  either  decom- 
posed by  sulphide  of  ammonium,  or  dissolved  in  hydrochloric 
acid,  heated  with  sulpliite  of  sodium,  excess  of  caustic  soda  added, 
and  the  whole  boiled  till  the  precipitate  is  converted  into  black 
ferroso-ferric  oxide  ;  in  either  case  the  phosphoric  acid  is  deter- 
mined in  the  filtrate  as  phosphate  of  magnesium  and  ammonium 
(p.  20Ö).  For  the  separation  of  phosphoric  acid  from  aluminium 
the  compound  is  dissolved  in  caustic  soda,  and  the  phosphoric 
acid  i)recipitated  from  the  dilute  solution  by  chloride  of  barium 
or  baryta-water  as  phosphate  of  barium,  fresh  portions  of  caustic 
soda  and  carbonate  of  sodium  being  added  at  the  same  time,  and  the 
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whole  heated  nearly  to  boiling  ;  all  the  aluminium  is  then  con- 
tained in  the  filtrate.  The  phosphate  of  barium  is  dissolved  in 
hydrochloric  acid,  the  barium  precipitated  by  sulphuric  acid,  and 
the  phosphoric  acid  determined  in  the  filtrate  as  phosphate  of 
magnesium  and  ammonium.  If  a  sesquisalt  of  iron  be  also 
present,  it  is  reduced,  as  above,  by  sulphite  of  sodium,  before  the 
treatment  w^ith  caustic  soda.* 

Phosphoric  acid  is  readily  distinguished  from  sulphuric  acid 
by  the  solubility  in  acids  of  its  barium-salt.  For  its  detection  in 
neutral  or  alkaline  solutions,  chloride  of  ammonium,  ammonia, 
and  a  magnesium-siilt,  are  generally  employed  ;  in  an  acid  solution, 
sesquichloride  of  iron,  and  acetate  of  sodium.  The  most  delicate 
reagent  of  all  is  molyhdate  of  ammonium.  Since  arsenic  acid 
exactly  resembles  phosphoric  acid  in  all  these  reactions,  the 
absence  of  this  acid  must  previously  be  ascertained.  Arsenic 
acid  is  readily  distinguished  from  phosphoric  acid,  and  if  present, 
may  be  entirely  removed  by  passing  hydrosulphuric  acid  into  the 
warm  acid  solution  (p.  84). 

d.  Metaphosphoric  Acid,  PO^H  (monobasic).  —  When  phos- 
phoric anhydride  is  dissolved  in  water,  an  acid  solution  is  ob- 
tained, which  differs  in  many  of  its  reactions  from  that  of  phos- 
phoric acid.  It  is  metaphosphoric  acid,  PO^H.  Its  salts  are  also 
obtained  by  the  ignition  of  the  corresponding  biacid  phosphates. 
The  following  are  the  principal  reactions  which  distinguish  it 
from  phosphoric  acid.  With  albumen  it  gives  an  abundant 
white  precipitate;  with  chloride  of  barium,  an  abundant  white 
precipitate,  soluble  Avith  difficulty  in  a  large  excess  of  the  acid ; 
with  nitrate  of  silver,  a  white  precipitate,  soluble  in  excess  of 
metaphosphoric  acid.  With  molybdate  of  ammonium,  it  gives 
no  precipitate  or  coloration,  until,  by  the  action  of  the  free 
nitric  acid  present,  it  has  been  partly  converted  into  phosphoric 
acid.  A  solution  of  metaphosphoric  acid  is  very  slowly  converted 
into  phosphoric  acid  in  the  cold ;  the  conversion  is  facilitated  by 
heat.    All  metaphosphates  are  converted  into  phosphates  by 

*  When  alkaline  liquids  are  boiled  in  glass  or  porcelain  vessels,  sensible 
quantities  of  silicic  acid  are  always  dissolved  :  hence,  in  very  accurate  analyses, 
platinum  vessels  must  be  employed. 
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lieating  with  a  concentrated  acid,  or  by  fusion  with  an  alkaline 
carbonate. 

Blowpipe  reactions. —  When  metaphosphate  of  sodium,  or  the 
glacial  acid,  is  fused  on  charcoal  before  the  blowpipe,  and  a  piece 
of  metallic  zinc  introduced  into  the  fluid  mass,  a  partial  reduction 
of  the  acid  takes  place,  and  the  liberated  phosphorus  burns  with  a 
brilliant  flame. 

e.  Pyrophosphoric  Acid,  r-O-^H^  (quadribasic).  —  Phosphoric 
and  metapliosphoric  acids  are  capable  of  combining  together  in 
several  proportions,  forming  compounds  which,  owing  to  their  ex- 
liibiting  peculiar  reactions  in  some  cases,  have  sometimes  been  re- 
garded as  distinct  acids.  The  compound  formed  by  the  combination 
of  1  atom  of  each  of  these  acids  (PO^IP  +  P03H=P207IP)  has 
tlius  been  called pi/rophosp/ioric  acid.  This  compound  is  produced 
by  heating  phosphoric  acid  to  213°,  and  its  salts  are  obtained  by 
igniting  the  corresponding  monacid  phosphates.  It  is  soluble  in 
water.  Its  solution  does  not  precipitate  albumen  or  chloride  of 
barium.  Its  alkaline  salts  are  soluble  in  water,  with  an  alkaline 
reaction;  its  other  salts  are  soluble  in  acids,  and  generally  in  an 
excess  of  phosphate  of  sodium,  forming  soluble  double  salts  which 
exhibit  a  peculiar  behaviour  with  reagents.  Thus,  from  a  solution 
of  sesquiphosphate  of  iron,  or  protophosphate  of  manganese,  in 
pyrophosphate  of  sodium,  the  heavy  metal  can  scarcely  be  precipi- 
tated by  hydrosulphuric  acid  or  sulphide  of  ammonium.  This 
peculiarity  of  behaviour  is  found  in  several  other  polybasic  acids. 
The  insoluble  pyrophosphates,  like  the  corresponding  phosphates, 
are  soluble  in  excess  of  the  metallic  salts  from  which  they  are 
precipitated,  and  the  solution  is  reprecipitated  by  heat ;  but  this 
precipitate  is  not  redissolved  on  cooling.  The  alkaline-earthy 
pyrophosphates  are  difficultly  soluble  in  acetic  acid.  With  nitrate 
of  silver  pyrophosphate  of  sodium  gives  a  white  precipitate,  almost 
insoluble  in  excess  of  pyrophosphate,  soluble  in  nitric  acid  and 
ammonia.  The  same  methods  by  which  metaphosphates  are 
converted  into  phosphates,  apply  equally  to  pyrophosphates. 

Besides  pyrophosphoric  acid,  other  acids  have  been  described 
by  Fleitmann  and  Henneberg  (Ann.  Ch.  Pharm.  Ixv.  Ixxii.), 
which  are  probably  combinations  in  different  proportions  of  phos- 
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plioric  and  metapliosphoric  acid.  Among  these  are  2P-0^  3H^0, 
=PO^tF  +  3P03H  :  oP205,  6IPO=PO^IP  +  9P03H,  &c.  The 
same  chemists  have  also  obtained  a  series  of  salts,  which  they 
regard  as  polymeric  modifications  of  raetaphosphates,  from  which 
they  differ  in  several  properties.  But  the  formulce  Avhich  they 
assign  to  these  salts  always  contain  variable  quantities  of  water 
of  crystallisation;  and,  if  this  water  be  in  each  case  introduced 
into  the  formula  of  the  salt,  it  will  be  found  that  these  salts  too 
may  be  regarded  as  compounds  of  phosphates  and  raetaphosphates 
in  different  proportions. 

f.  Phosphorous  Anliydride,  P^O'^  —  Formed  by  the  slow  and 
imperfect  combustion  of  phosphorus ;  as  when  phosphorus  is 
oxidised  by  exposure  to  the  air  at  the  ordinary  temperature.  A 
white  powder,  smelling  like  garlic.  It  is  readily  soluble  in  water, 
forming 

g.  Phosphorous  Aeid,  PHO^H^  (bibasic).  —  A  sj'rupy  liquid, 
Avhich  cannot  be  crystallised  Avithout  great  difficulty.  It  is  en- 
tirely decomposed  by  heat,  phosphoric  acid  being  formed,  and 
phosphide  of  hydrogen  evolved  (4P03H3  =  3P04H3  +  PH3). 

The  normal  alkaline  phosphites  are  soluble  in  water ;  all  others 
are  difficultly  soluble  or  insoluble.  When  treated  with  oxidising 
agents,  as  chlorine  or  nitric  acid,  phosphites  are  converted  into 
phosphates.  With  chlorides  of  barium  and  calcium,  alkaline 
phosphites  give  a  white  precipitate,  soluble  in  acetic  and  free 
phosphorous  acids ;  with  acetate  of  lead,  a  white  precipitate  of 
phosphite  of  lead,  insoluble  in  acetic  acid.  This  is  the  least  soluble 
of  all  t!ie  phosphites.  With  magnesium-salts,  a  dilute  solutiou  of 
a  phosphite  gives  no  precipitate.  Phosphorous  acid  is  a  powerful 
reducing  agent,  precipitating  the  metals  from  solutions  of  salts  of 
gold  and  silver,  and  subsalts  of  mercury ;  the  reduction  is  much 
facilitated  by  saturating  the  acid  with  ammonia.  With  chloride 
of  mercury  it  gives  a  Avhite  precipitate  of  subchloride,  ClHg^ ;  if 
the  mercury  salt  be  in  excess,  the  reduction  does  not  proceed  fur- 
ther ;  but,  if  the  phosphorous  acid  be  in  excess,  metallic  mercury 
is  reduced,  especially  on  tlie  application  of  heat.  When  heated 
with  sulphurous  acid,  phosphorous  acid  gives  phosphoric  and  hy- 
drosulphuric  acids  (SPO^rP-h  SO^H-'^aPOnPH  StP)  ;  and,  if 


PART  I. 


ORGANIC  ACIDS. 


65 


the  sulphurous  acid  be  in  excess,  the  hydrosulphuric  acid  is 
decomposed  and  sulphur  separated  (p.  21).  If  the  phosphorous 
acid  contain  any  arsenic,  it  is  entirely  precipitated  as  sulphide. 
Arsenic  acid  is  redueed  by  phosphorous  acid  to  arsenious  acid, 
which,  by  fusion  with  phosphorous  acid,  is  reduced  to  metallic 
arsenic,  which  separates  as  a  dark  brown  powder.  Phosphorous 
acid  dissolves  zinc  and  iron,  with  evolution  of  phosphide  of 
hydrogen.  Dry  phosphites  are  decomposed  by  heat,  hydrogen 
being  evolved,  and  a  pyrophosphate  formed  ;  the  normal  phos- 
phite of  lead,  and  one  or  two  others,  evolve  phosphide  of  hydrogen 
as  well  as  hydrogen. 

h.  Ilypophosphorous  Acid,  PIPO-H  (monobasic). — Formed,  to- 
gether with  phosphoric  acid  and  phosphide  of  hydrogen,  when 
phosphorus  is  boiled  in  a  solution  of  caustic  alkali  or  alkaline-earth. 
The  acid  is  isolated  by  decomposing  its  barium-salt  by  sulphuric 
acid.  It  is  a  syrupy  fluid,  very  similar  in  appearance  to  phospho- 
rous acid.  By  heat  it  is  decomposed  into  phosphoric  acid  and 
phosphide  of  hydrogen  (2P02Ha=.P04H;5-|-PH^).  AH  hypo- 
phosphites  are  soluble  in  water.  Hypophosphorous  acid  is  even 
a  more  powerful  reducing  agent  than  phosphorous  acid.  With 
nitrate  of  silver  it  gives  a  white  precipitate,  which  blackens 
speedily  even  in  the  cold :  with  acetate  of  lead,  lime-,  and 
baryta-iuater,  no  pi-ecipitate.  All  hypophosphites  are  decom- 
posed by  heat,  phosphide  of  hydrogen  being  evolved,  and  a  pyro- 
phosphate or  acid  phospliate  left  behind.  With  copjwcr- salts, 
hypophosphorous  acid  separates  in  the  cold  a  reddish  yellow  pre- 
cipitate of  subhydride  of  copper,  Cu^H,  which  on  heating  is  de- 
composed into  metallic  copper  and  hydrogen. 

Determination  of  phosphorus  in  organic  compounds.  Organic 
compounds  containing  phosphorus  are  fused  Avith  carbonate  and 
nitrate  (or  chlorate)  of  potassium,  by  which  means  the  phos- 
phorus is  converted  into  phosphoric  acid,  and  may  be  estimated 
as  phosphate  of  magnesium  and  ammonium. 

13.  Organic  Acids. 

Of  the  numerous  acids  containing  carbon,  oxygen,  and  ]iydro2;en 
(and  occasionally  nitrogen),  commonly  called  organic  acids,  a  few 
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arc  of  sufficient  importance  as  reagents  in  mineral  analj'sis  to 
make  it  necessary  to  enumerate  their  reactions.  A  general  re- 
action, common  to  nearly  all  these  acids,  is,  that  their  alkaline  and 
alkaline-earthy  salts  are  converted  by  ignition  into  carbonates, 
with  separation  of  carbon  and  consequent  blackening  of  the  com- 
pound.   Oxalates,  if  perfectly  pure,  are  not  blackened  by  ignition. 

The  organic  acids  which  we  are  about  to  mention  may  be  con- 
veniently divided  into  two  classes  :  volatile  and  non-volatile  hc'ids. 
The  volatile  acids,  when  heated  in  the  free  state,  are  volatilised 
entirely,  generally  without  decomposition,  and  if  pure,  leave  no 
carbonaceous  residue  :  tliey  may  be  removed  from  their  salts  by 
distillation  with  dilute  sulphuric  acid.  The  non-volatile  acids 
are  decomposed  when  heated  in  the  free  state,  a  considerable  car- 
bonaceous residue  being  left :  they  cannot  be  removed  from  their 
salts  by  distillation  with  dilute  sulphuric  acid.  The  non- 
volatile acids  are  further  distinguished  from  the  volatile  by  the 
property  of  hindering  the  precipitation  by  alkalis  of  certain 
metallic  oxides  from  their  salts  {e.g.  sesquioxide  of  iron):  for  the 
non- volatile  acids,  being  polybasic,  form  double  salts  of  the 
alkaline  and  the  heavy  metal,  which  are  soluble  in  water. 
Volatile  organic  acids  do  not  hinder  this  precipitation.  In 
presence  of  non-volatile  oi'ganic  acids,  the  heavy  metal  may  be 
precipitated  as  sulphide  by  sulphide  of  ammonium. 

Volatile  Organic  Acids,  a.  Acetic  Acid,  C^H^O'^H. — Below 
17°,  acetic  acid  forms  a  white  crystalline  mass ;  above  that 
temperature,  a  colourless  fluid,  with  an  irritating  smell,  which  is 
familiar  to  every  one  as  that  of  vinegar.  All  acetates  are  soluble 
in  water:  the  least  soluble  are  acetate  of  silver  and  subacetate 
of  mercury,  whence  acetic  acid  produces  crystalline  precipitates 
in  not  too  dilute  solutions  of  salts  of  silver  and  subsalts  of 
mercury.  Most  acetates  (especially  those  which  contain  a 
strong  base)  are  decomposed  by  heat,  acetone  being  formed,  the 
vapour  of  which  is  combustible  and  has  a  characteristic  smell 
(2C2H302K  =  C-'H^O  +  C03K2).  With  sesquisalts  of  iron,  a  solu- 
tion of  an  acetate  (not  free  acetic  acid)  gives  a  dark-red  colour, 
which  is  destroyed  by  mineral  acids,  not  by  excess  of  acetic  acid. 
Excess  of  ammonia  precipitates  all  the  iron  from  this  solution  as  ses- 
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quiliydrate:  when  the  solution  is  heated,  all  the  iron  is  precipitated 
as  basic  acetate,    (c)  When  a  dry  acetate  (or  a  concentrated 
aqueous  solution)  is  heated  with  excess  of  sulphuric  acid  and  a 
little  alcohol,  acetic  ether  or  acetate  of  ethyl  (C'^IPO^C^IP)  is 
formed,  and  easily  recognised  by  its  peculiar  fragrant  smell.  If 
too  much  alcohol  bo  taken  ether  will  be  formed,  the  smell  of 
which  will  mask  that  of  the  acetic  ether.    When  a  dry  acetate  is 
heated  Avith  arsenious  acid,  kakodyl,  ((C*IrP)<As-')  is  formed,  which 
possesses  a  most  nauseous  and  charactei'istic  smell.    This  reaction 
does  not  distinguish  acetic  acid  from  propylic  (C^H^O^II)  and 
other  higher  acids  of  the  series,  which  form,  with  arsenious  acid, 
compounds  which  closely  resemble  kakodyl  in  smell.    For  the 
detection  of  acetic  acid  in  a  solution  containing  an  acetate  together 
with  other  compounds,  the  best  metliod  is  to  distil  the  solution 
with  dilute  sulphuric  acid,  by  which  the  acetic  acid  is  set  free, 
and,  being  volatile,  passes  over,  and  is  found  in  the  distillate. 
A  very  dilute  acid  solution  should  be  neutralised  with  carbonate 
of  sodium,  and  concentrated  by  evaporation,  previous  to  distilla- 
tion.   For  the  detection  of  acetic  acid  in  presence  of  other  volatile 
acids  homologous*  to  acetic,  the  aqueous  solution  of  the  free  acids 
is  partially  neutralised  with  potasli,  and  the  Avhole  submitted  to 
distillation  ;  when  the  acetic  acid  is  found,  either  wholly  or  par- 
tially, in  tlie  residue,  as  acid  acetate  of  potassium,  while  the  other 
volatile  acids  (which  do  not  form  acid  salts  with  metals),  pass 
over  and  are  found  in  the  distillate.    This  method  of  fractional 
saturation  may  be  applied  to  the  separation  of  other  acids  of  this 
series.    The  boiling-point  of  each  acid  in  the  series  rises  about 
19°  for  each  addition  of  CH^  ;  so  that  a  lower  acid  is  always 
more  volatile  than  the  higher  ones  :  and  when  a  mixture  of  two 
or  more  such  acids  is  partially  saturated  with  a  base,  the  higher 
acid  is  always  completely  neutralised  before  those  below  it  com- 

*  The  term  homologous,  suggested  by  Gerhardt,  is  applied  to  those  bodies 
which  resemble  each  other  in  their  chemical  properties,  and  only  differ  in  their 
composition  by  CH-,  or  some  multiple  of  CIP.  Thus,  acetic  acid,  C^IPO^II 
propylic  acid,  C='1PU-H,  butyric  acid,  C'irO-II,  valerianic  acid,  ;C41»0-II,  &c. 
are  homologous  to  each  other.  Similarly  wc  have  series  of  homologous 
alcohols,  aldehydes,  &c. 
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bine  with  any  of  the  base.  Hence,  if  a  mixture  of  propylic  and 
butyric  acids  be  partially  saturated  with  potash,  and  submitted  to 
distillation,  the  lower  acid  (propylic)  being  free,  will  distil  over ; 
and  if  just  enough  potash  has  been  added  to  exactly  neutralise  the 
butyric  acid,  the  whole  of  this  acid  will  be  found  in  the  residue, 
and  the  whole  of  the  propylic  in  the  distillate.  If  less  potash 
than  this  has  been  added,  the  propylic  acid,  being  more  volatile, 
will  pass  over  first,  and  then  the  free  butyric  acid,  while  the 
residue  will  contain  nothing  but  butyrate  of  potassium :  if  more 
potash  has  been  added,  the  distillate  will  contain  only  propylic 
acid,  the  residue  a  mixture  of  propylate  and  butyrate  of  potas- 
sium. Acetic  acid  is,  as  has  been  observed,  an  exception  to  this 
rule :  for  it  forms  an  acid  potassium-salt,  Avhich  will  always  be 
found  in  the  residue. 

When  an  acetate  is  heated  with  strong  sulphuric  acid,  acetic 
acid  is  given  off  (with  its  peculiar  smell),  and  there  is  no  blacken- 
ing of  the  mixture, 

b.  Formic  Acid,  CHO^H. — Formic  acid  is  a  colourless  liquid, 
which  boils  at  100° ;  it  has  a  smell  somewhat  similar  to  that  of 
acetic  acid.  All  formates  are  soluble  in  Avater,  though  less  so 
than  the  corresponding  acetates.  All  formates  are  decomposed 
by  heat:  the  fixed  alkaline,  and  alkaline-earthy  formates,  give  off 
carbonic  oxide,  leaving  a  mixed  residue  of  carbonate  and  free 
carbon;  those  of  other  metals  {e.g.  copper,  lead)  give  oflf  carbonic 
oxide  and  anhydride,  and  leave  a  residue  of  reduced  metal.  For- 
mates exactly  resemble  acetates  in  their  behaviour  with  sesqui- 
salts  of  iron.  Formic  acid  is,  however,  easily  distinguished  from 
acetic  acid,  by  its  property  of  reducing  many  metals  from  their 
salts,  with  evolution  of  carbonic  anhydride.  Formic  acid,  or  any 
formate,  when  heated  with  nitrate  of  silver  or  terchloride  of  gold, 
gives  a  brown  precipitate  of  metallic  silver  or  gold;  with  sub- 
nitrate  of  mercury,  a  grey  precipitate  of  metallic  mercury;  with 
chloride  of  mercury,  a  white  precipitate  of  subchloride,  which  by 
long  boiling  is  slowly  reduced  to  metallic  mercury.  They  also 
destroy  the  colour  of  permanganate  of  potassium.  This  reducing 
action  distinguishes  formic  acid  from  most  of  its  homologous  acids, 
and  renders  its  detection  very  easy.    For  the  detection  of  small 
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quantities  of  formic  acid  in  solutions  which  contain  other  organic 
compounds,  distillation  with  dilute  sulphuric  acid  is  employed: 
the  distillate  is  saturated  with  carbonate  of  sodium,  concentrated 
by  evaporation,  and  the  formic  acid  detected  in  it  by  the  above 
reactions.  When  heated  with  concentrated  sulphuric  acid,  formic 
acid  and  formates  are  decomposed  with  effervescence  into  water 
and  carbonic  oxide  which  burns  with  a  blue  flame  (CIIO^II  = 
CO  +  OIP):  there  is  no  blackening  of  the  mixture. 

c.  Benzoic  Acid,  C^H^O-II.  — Forms  white  crystals,  which 
when  heated,  sublime  entirely  into  long  needles,  leaving  only  the 
slightest  possible  residue  of  carbon:  its  vapours  are  very  irrita- 
ting, and  excite  coughing.  It  is  very  slightly  soluble  in  cold  water 
or  acids;  hence,  when  a  mineral  acid  is  added  to  a  solution  of 
benzoate,  a  white  precipitate  of  benzoic  acid  is  produced.  Proto- 
benzoates  are  mostly  soluble  in  water :  sesquibenzoates  are  in- 
soluble.   When  benzoic  acid  is  added  to  sesquicliloride  of  iron,  a 
yellow  precipitate  of  sesquibenzoate  of  iron  is  formed;  if  the  free 
acid  be  saturated  with  ammonia,  this  precipitate  contains  the 
whole  of  the  iron.    Hence,  benzoate  of  ammonium  is  employed 
as  a  reagent  for  separating  the  sesquioxides  from  a  solution  con- 
taining proto-  and  sesquisalts.    The  metal  may  be  removed  from 
the  precipitate  by  hydrochloric  acid,  which  leaves  the  benzoic 
acid  undissolved;  or  the  benzoic  acid  may  be  removed  by  am- 
monia, which  leaves  sesquihydrate  of  iron.    With  acetate  of  lead 
benzoic  acid  gives  no  precipitate:  and  only  a  very  slight  one 
when  the  free  acid  is  neutralised  with  ammonia,    (c)  When  ben- 
zoate of  calcium  is  distilled  with  excess  of  lime,  the  benzoic  acid 
is  decomposed  into  carbonic  anhydride  and  benzine,  C^^tF,  a 
fragrant  oily  liquid,  insoluble  in  water,  boiling  at  80°.    The  test 
is  thus  conducted: — The  benzoic  acid  precipitated  by  an  acid  from 
a  soluble  benzoate  is  collected  on  a  filter,  dried  with  blottinjr- 
paper,  and  dissolved  in  as  little  lime-water  as  possible ;  an  equal 
bulk  of  lime-water  is  then  added,  and  the  whole  distilled.  Very 
small  quantities  of  benzoic  acid  may  be  detected  in  this  way. 
When  benzoic  acid  is  heated  with  strong  sulphuric  acid,  no  sul- 
phurous anhydride  is  evolved,  and  the  mixture  is  not  blackened. 

d.  Succinic  Acid,  C^H^O-^IP  (bibasic). — A  homologue  of  oxalic 

JP  3 


70 


ORGANIC  ACIDS.  —  SUCCINIC,  OXALIC  ACIDS.       PART  I. 


acid,  C'0'*H^  It  forms  white  crystals,  which  sublime  when 
heated,  leaving  a  larger  residue  of  carbon  than  is  left  in  the  case 
of  most  other  volatile  organic  acids.  It  is  much  more  soluble  in 
water  than  benzoic  acid,  and  therefore  is  not  precipitated  from 
its  soluble  salts  by  a  mineral  acid.  Protosuccinates  are  all 
soluble  in  water;  sesquisuccinates  are  mostly  insoluble.  Succinic 
acid  precisely  resembles  benzoic  in  its  behaviour  to  sesquisalts  of 
iron:  but,  as  the  precipitate  of  sesquisuccinate  is  much  less  volu- 
minous than  that  of  sesquibenzoate,  succinate  of  ammonium  is  a 
more  convenient  reagent  than  benzoate  for  the  precipitation  of 
sesquisalts.  With  acetate  of  lead  succinic  acid  gives  a  precipitate 
of  succinate  of  lead,  soluble  in  excess  of  either  reagent.  With 
chloride  of  barium  it  gives  no  precipitate;  but  on  the  addition  of 
ammonia  and  alcohol,  a  white  precipitate  is  formed:  benzoic  acid 
does  not  exhibit  this  reaction.  When  succinic  acid  is  heated 
with  strong  sulphuric  acid,  the  mixture  gradually  blackens,  and 
sulphurous  anhydride  is  evolved^ 

•  NoN- VOLATILE  ORGANIC  AciDS.  a.  Oxalic  Acid,  C^O'^IP 
(bibasic).  — Forms  white  crystals,  which  contain  2  atoms  of  water 
of  crystallisation  :  soluble  in  water  and  alcohol,  giving  a  strongly 
acid  solution.  It  is  a  violent  poison.  When  heated  it  is  almost 
entirely  decomposed,  carbonic  oxide  and  anhydride,  and  some 
formic  acid  being  formed.  The  alkaline  oxalates  are  soluble 
in  water,  but  not  very  readily,  the  acid  salts  less  so  than  the 
normal  ;  most  other  oxalates  are  insoluble.  Sesquioxalates 
are  generally  soluble.  With  ca/cmm-salts,  oxalic  acid  or  a  soluble 
oxalate  gives  a  white  crystalline  precipitate  of  normal  oxalate  of 
calcium,  insoluble  in  ammonia,  ammoniacal  salts,  and  acetic  acid, 
slightly  soluble  in  free  oxalic  acid,  soluble  in  mineral  acids.  This 
precipitate  is  formed  in  very  dilute  solutions,  even  in  sulphate  of 
calcium.  This  refiction  affords  the  best  test  both  for  oxalic  acid 
and  for  calcium.  With  soluble  copper-salt?,  it  gives  a  procipitati 
of  oxalate  of  copper:  crystallised  oxalic  acid  is  not  dissolved  in  a 
solution  of  chloride  of  copper,  but  is  gradually  converted  into 
oxalate  of  copper.  In  other  metallic  solutions  this  change  first 
takes  place  on  the  application  of  heat.  With  nitrate  of  silver  it 
gives  a  white  precipitate,  soluble  in  nitric  acid  and  ammonia. 
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When  heated  with  terchloride  of  gold,  oxalic  acid  reduces  metallic 
gold,  Avith  evolution  of  carbonic  anhydride.  It  does  not  reduce 
platinum  from  its  salts.  When  lieated  with  sulphuric  acid,  all 
oxalates  are  decomposed  into  equal  volumes  of  carbonic  oxide 
and  anhydride,  and  the  mixture  does  not  blacken  (C-0-'H2=C0  + 
C02  +  Oil'-).  All  oxalates  are  decomposed  by  ignition,  in  manners 
varying  according  to  the  bases  which  they  contain.  Oxalates  of 
such  metals  as  form  stable  carbonates  give  oif  carbonic  oxide, 
while  a  metallic  carbonate  remains.  Those  of  the  metals  which 
do  not  form  carbonates,  or  whose  carbonates  are  decomposed  by- 
ignition,  evolve  equal  volumes  of  carbonic  oxide  and  anhydride, 
leaviii<r  a  residue  of  metallic  oxide.  Those  of  the  metals  whose 
oxides  are  reduced  by  carbonic  oxide,  evolve  carbonic  anhydride 
alone,  and  leave  a  residue  of  reduced  metal. 

Since  oxalic  acid  cannot  be  separated  from  its  salts  by  distillation 
with  dilute  sulphuric  acid  (for  by  this  treatment  it  is  decomposed 
into  CO  and  CO-)  it  must  be  classed  among  the  non-volatile  acids. 
But  it  does  not  exhibit  the  reaction  which  we  have  already- 
mentioned  as  generally  characteristic  of  this  class  of  organic  acids, 
that  of  hindering  the  precipitation  by  alkalis  of  certain  metallic 
oxides.  A  sesquisaltof  iron  to  Avhich  oxalic  acid  has  been  added, 
is  completely  precipitated  by  ammonia:  but  if  a  fixed  alkaline 
carbonate  be  employed  instead  of  ammonia,  oxalic  acid  does  to  a 
certain  extent  prevent  the  precipitation. 

b.  Tartaric  Acid,  C'^IPO*'!!^  (bibasic).  —  Forms  colourless 
crystals,  very  soluble  in  water :  they  are  decomposed  by  heat, 
giving  off  a  peculiar  smell,  much  resembling  that  of  burnt  sugar, 
and  leaving  a  large  residue  of  carbon.  Of  the  alkaline  tartrates, 
the  acid  salts  are  much  less  soluble  than  the  normal :  hence,  if 
tartaric  acid  be  added  in  excess  to  a  solution  of  potash,  a  white 
crystalline  precipitate  of  acid  tartrate  of  potassium  is  formed, 
which  is  insoluble  in  all  organic  acids  except  oxalic,  soluble  in 
mineral  acids,  alkalis,  and  alkaline  carbonates  :  by  the  two  latter 
solvents  it  is  converted  into  the  soluble  normal  tartrate,  whence 
the  acid  tartrate  is  reprecipitated  by  acetic  acid.  As  the  acid 
tartrate  is  soluble  in  alkalis,  potash  should  not  be  used  for  the 
detection  of  small  quantities  of  tartaric  acid:  it  is  better  to 
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employ  chloride  or  nitr.ate  of  potassium,  in  excess  of  which  the 
acid  tartrate  is  insoluble.  Of  the  otlier  tartrates,  the  acid  salts 
are  more  soluble  than  the  normal,  (c)  With  lime-water  in  excess 
tartaric  acid  gives  a  white  precipitate  of  normal  tartrate  ;  chloride 
of  calcium  gives  the  same  precipitate  Avith  a  normal  tartrate ; 
sulphate  of  calcium  does  not.  This  precipitate  is  soluble  in  acids, 
even  in  free  tartaric  acid,  and  in  ammoniacal  salts,  but  not  in 
ammonia.  It  is  soluble  in  potash  in  the  cold,  but  is  reprecipitated 
on  boiling  the  solution,  and  redissolved  on  cooling.  It  is  insoluble 
in  chloride  of  copper.  From  nitrate  of  silver  normal  tartrate  of 
potassium  reduces  metallic  silver  on  heating.  All  tartrates,  when 
heated  with  strong  sulphuric  acid,  give  off  sulphurous  anhydride 
and  the  mixture  is  blackened. 

jRacemic  Acid  is  isomeric  with  tartaric  acid,  which  it  resembles 
closely  in  all  its  reactions.  Racemate  of  calciu7n,  however,  is 
insoluble  in  ammoniacal  salts ;  and  is  formed,  after  a  time,  by 
racemic  acid  in  a  solution  of  sulphate  of  calcium.  From  this  re- 
action racemic  might  be  confounded  with  oxalic  acid:  but  they 
are  readily  distinguished  by  their  behaviour  when  heated  with 
sulphuric  acid,  when  racemic  behaves  exactly  like  tartaric  acid. 

c.  Citric  Acid,  C^H^O^H^  (tribasic). — Forms  white  crystals, 
soluble  in  water  and  alcohol  ;  they  are  decomposed  by  heat,  giving 
off  irritating  vapours,  and  leaving  a  carbonaceous  residue  less 
abundant  than  in  the  case  of  tartaric  acid.  Most  citrates  are 
soluble  in  water.  With  potassium-siiXis,  citric  acid  gives  no  pre- 
cipitate. With  lime-water,  citric  acid  gives  no  precipitate  in  the 
cold  ;  neither  does  a  dilute  solution  of  a  citrate  with  chloride  of 
calcium;  but  on  boiling  the  mixture  (which  must  be  neutral  or 
alkaline),  a  white  precipitate  of  basic  citrate  of  calcium  is  formed, 
insoluble  in  alkalis,  very  slightly  soluble  in  ammoniacal  salts, 
soluble  in  free  acids,  and  in  chloride  of  copper.  This  precipitate 
is  redissolved  when  the  solution  cools.  With  acetate  of  lead, 
citric  acid  gives  a  white  precipitate,  slightly  soluble  in  ammonia. 
When  heated  with  strong  sulphuric  acid,  all  citrates  give  off 
carbonic  oxide  ;  the  mixture  docs  not  blacken  or  evolve  sul- 
phurous acid  till  heat  has  been  applied  for  some  time. 

d.  Malic  Acid,  C^H'^O^H^  (bibasic). — Forms  colourless  crystals 
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which  deliquesce  in  the  air  :  very  sohible  in  water  and  alcohol ; 
when  heated,  they  are  decomposed  into  nialeic  acid,  CIPO*, 
which  sublimes,  and  fumaric  acid,  isomeric  with  nialeic,  Avhich 
remains  behind  (C-'IP05  =  C'«IP0-^  + 0H2).  By  ignition  it  is 
carbonised,  "-ivins:  off  a  smell  resembling  that  of  tartaric  acid. 
Most  malates  are  soluble  in  water,  A  solution  of  malic  acid  or 
a  malate  is  not  precipitated  by  chloride  of  calcium,  or  lime-water, 
either  in  the  cold  or  on  heating  ;  but  on  the  addition  of  alcohol, 
a  white  precipitate  of  malate  of  calcium  separates.  Normal 
malate  of  calcium  is  also  precipitated  by  long  boiling  of  a  solution 
of  malic  acid,  nearly  neutralised  by  milk  of  lime.  This  is  the 
process  by  which  malic  acid  is  extracted  from  the  juice  of  the 
berries  of  the  mountain-ash.  (c)  With  acetate  of  lead,  malic 
acid  gives  a  white  precipitate,  soluble  in  excess  of  malic  acid  or  of 
ammonia  :  when  this  precipitate  is  heated  with  its  mother  liquid, 
it  melts  to  a  semi-fluid  transparent  mass.  When  any  malate  is 
heated  witli  fuming  sulphuric  acid,  the  mixture  is  not  blackened. 
This  reaction  distinguishes  malic  from  citric  and  tartaric  acids. 

e.  Meconic  Acid,  C"HO''IP  (tribasic). — Exists  in  opium.  The 
alkaline-earthy  meconates  are  insoluble.  With  sesquisalts  of  iron 
meconic  acid  gives  a  deep  red  colour,  closely  resembling  that 
produced  by  sulphocyanic  acid  ;  from  which  it  is  distinguished 
by  its  being  destroyed  by  hydrochloric  acid,  and  not  affected  by 
chloride  of  mercury  (p.  42). 

f.  Tannic  Acid,  C^-'H^^O^^. — (The  basicity  of  tannic  acid  is  not 
yet  accurately  determined  ;  it  is  certainly  polybasic)  Contained 
in  gall-nuts.  It  forms  an  amorphous  mass,  which  is  generally 
coloured  yellow  by  the  action  of  the  air.  It  is  soluble  in  water, 
alcohol,  and  ether.  Mineral  acids  precipitate  it  from  its  aqueous 
solution  as  a  gelatinous  mass  insoluble  in  excess  of  acid.  Its 
syrupy  ethereal  solution  does  not  mix  with  excess  of  ether.  With 
sesquisalts  of  iron  tannic  acid  gives  a  bluish-black  precipitate, 
which  constitutes  the  colouring  matter  of  ink  ;  with protosalts  of 
iron  this  precipitate  only  forms  as  the  protosalt  is  gradually 
oxidised  by  exposure  to  the  air.  With  tartrate  of  antimo?)?/  and 
potassium  (tartar  emetic)  it  gives  a  white  gelatinous  precipitate. 
With  solution  of  gelatine  it  gives  a  white  precipitate,  not  abso- 
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lutely  insoluble  in  water,  unless  the  tannic  acid  be  in  excess,  in 
Avhich  case,  the  precipitate  is  greyish  and  aggregated  to  an  elastic 
mass.  It  is  owing  to  this  property  that  tannic  acid  combines 
witli  animal  skin,  forming  leather.  Tannic  acid  is  entii*ely 
removed  from  a  solution  by  immersing  in  it  a  piece  of  skin  : 
and  the  acid  maybe  estimated  byj  determining  the  increase  in 
weight  of  the  skin.  With  most  organic  alkaloids,  tannic  acid 
forms  white  compounds,  insoluble  in  water,  soluble  in  acetic  acid. 

g.  Gallic  Acid,  C^IPO^IP  (tribasic). — By  a  gradual  heat 
gallic  acid  is  decomposed  into  pyrogallic  acid,  C^H^O^,  and  car- 
bonic anhydride.  With  proto-  or  sesquisalts  of  iron,  it  gives  a 
bluish-black  precipitate.  It  is  distinguished  from  tannic  acid  by 
not  precipitating  a  solution  of  gelatine.  An  alkaline  solution  of 
gallic  acid  absorbs  oxygen  from  the  air,  becoming  gradually 
yellow,  green,  red,  and  finally  dark  brown. 

h.  Lactic  Acid,  (bibasic?).  —  Formed  by  the  fermen- 
tation of  milk.  It  is  a  colourless  liquid,  readily  soluble  in  water, 
alcohol,  and  ether.  It  is  decomposed  by  heat,  with  evolution  of 
carbonic  oxide  and  formation  of  various  compounds.  All  lactates 
are  soluble  in  water,  the  alkaline  lactates  most  readily:  the  zinc- 
and  c«/c«<///-salts  are  easily  crystallisable,  and  serve  for  the  isola- 
tion and  detection  of  lactic  acid.  For  the  detection  of  lactic  acid 
in  animal  compounds  {e.  g,  in  the  fluid  extracted  from  flesh,  in 
blood,  urine,  &c.),  the  liquid  is  evaporated  to  dryness  and  the 
residue  treated  with  an  alcoholic  solution  of  oxalic  acid,  and 
filtered  ;  the  filtrate  digested  with  oxide  of  lead,  and  again  filtered; 
the  filtrate,  which  contains  all  the  lactic  acid  as  lactate  of  lead, 
decomposed  by  liydi'osulphuric  acid,  filtered  off"  from  the  sulphide 
of  lead,  concentrated  by  evaporation,  digested  with  oxide  of  zinc 
or  excess  of  milk  of  lime,  and  the  clear  solution  crystallised.  Or 
the  residue  obtained  by  evaporation  in  the  Avater-bath  is  treated 
with  alcohol,  the  alcoholic  solution  evaporated  to  a  syrup  and 
mixed  with  its  own  volume  of  dilute  sulphuric  acid  (1  vol.  acid 
and  1  vol.  water),  and  with  three  or  four  times  its  volume  of  alco- 
hol. The  alcoholic  solution,  which  contains  all  the  lactic  acid,  is 
mixed  with  ether  until  no  fresh  precipitate  is  produced  by  further 
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addition  of  ether,  filtered,  the  alcohol  and  ether  distilled  off,  and 
the  residue  concentrated  in  the  water-bath  to  a  syrup :  it  is  then 
mixed  with  half  its  volume  of  alcohol  and  five  times  its  volume  of 
ether,  which  dissolves  out  the  lactic  acid  in  a  state  of  purity. 
After  the  removal  of  the  ether  by  evaporation,  the  lactic  acid  is 
saturated  with  milk  of  lime,  and  the  clear  solution  crystallised, 
and  purified  from  sulphate  of  lime  by  recrystallisation  from  alco- 
hol. The  presence  of  lactic  acid  is  most  certainly  ascertained  by 
the  ultimate  analysis  of  the  salt  thus  obtained.  Lactic  acid  does 
not  hinder  the  precipitation,  by  excess  of  lime-water,  of  oxide  of 
copper  from  salts  of  copper.  When  heated  with  strong  sulphuric 
acid,  hictic  acid  gives  otf  pure  carbonic  oxide,  and  the  mixture  is 
blackened.  Heated  with  nitric  acid  it  is  converted  into  oxalic 
acid. 

i.  Uric  Acid,  C^H-N-'O^IP  (bibasic).  — Contained  in  the  excre- 
ment of  serpents,  in  urinary  calculi,  human  urine,  guano,  &c.  It 
forms  white,  shining,  crystalline  scales,  which  are  scarcely  at  all 
soluble  in  cold  water,  dilute  hydrochloric  or  acetic  acid  ;  insoluble 
in  alcohol  and  ether;  soluble  in  alkfilis  and  alkaline  salts,  from 
which  solution  acids  precipitate  uric  acid.  It  is  decomposed 
by  heat,  forming  urea,  cyanuric  acid,  carbonate  and  cyanide  of 
ammonium,  and  hydrocyanic  acid,  and  leaving  a  cai'bonaceous 
residue,  (c)  It  is  soluble  in  strong  nitric  acid,  with  evolution  of 
gas  :  if  this  solution  be  evaporated  nearly  to  dryness  in  the  water- 
bath,  and  a  drop  of  ammonia  added,  a  magnificent  purple-red 
colour  is  produced,  owing  to  the  formation  of  murexide,  C^H^N^'O^ : 
the  addition  of  caustic  potash  changes  the  colour  to  a  bluish-purple. 
Very  small  traces  of  uric  acid  may  be  detected  by  this  reaction. 
For  the  detection  of  uric  acid  in  urine,  a  considerable  quantity  of 
urine  is  mixed  with  hydrochloric  acid,  and  allowed  to  stand  for 
one  or  two  days,  when  the  uric  acid  separates  out.  From  urinary 
calculi  it  is  obtained  by  boiling  them  with  dilute  potash,  and 
saturating  the  filtrate  with  hydrocldoric  acid.  From  liquids  con- 
taining albumen  (as  the  serum  of  blood),  hydrochloric  acid  preci- 
pitates albumen  as  well  as  uric  acid.  In  this  case  the  liquid  is 
evaporated  to  dryness  in  the  water-bath,  the  residue  exhausted 
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with  alcohol,  and  treated  with  boiling  water:  the  aqueous  solution 
is  concentrated  by  evaporation,  and  tlie  uric  acid  precipitated  from 
it  by  acetic  acid,  and  tested  by  nitric  acid  and  ammonia  as  above. 
Wlien  fused  with  caustic  potash  uric  acid  evolves  ammonia  :  the 
I'esidue,  if  not  too  strongly  heated,  contains  cyanide  and  cyanate 
of  potassium. 


77 


PART  II. 

REACTIONS  OF  TIIE  METALLIC  ELEMENTS  AND  THEIR 

SALTS. 

The  metallic  elements,  or  metals,  arc  capable  of  division  into 
certain  de.Hnite  groups,  the  members  of  which  exhibit  similar  reac- 
tions with  a  certain  general  reagent.  There  is,  however,  one  metal, 
Hydrogen,  which  cannot  be  included  in  any  of  these  groups,  as 
it  does  not  exhibit  any  characteristic  reaction  with  any  of  the 
general  reagents  which  serve  for  the  classification  of  the  metals. 
We  shall  therefore  study  this  metal  first,  and  then  proceed  to  the 
consideration  of  the  other  metals  in  their  several  groups,  taking- 
first  that  group  of  metals  which  are  most  analogous  to  the  non- 
metallic  elements.    By  so  doing  we  invert  the  order  which  is 
commonly  adopted  in  works  on  analysis,  according  to  which  the 
alkaline  metals  are  considered  as  the  first  group,  while  those  which 
are  most  analogous  to  the  non-metallic  elements  constitute  the 
last  group.    The  ordinary  arrangement  is  attended  with  no  con- 
ceivable advantage.      Not  only  is  it  purely  arbitrary,  and  is 
never  followed  in  actual  analysis,  in  which  the  metals  analogous 
to  the  non-metallic  elements  are  invariably  separated  first  and 
the  alkaline  metals  last;  but  it  also  conceals  the  remarkable  grada- 
tion of  properties  which  exists  between  all  elements,  metallic  and 
non-metallic,  and  which  is  indicated  by  the  arrangement  we 
have  adopted. 

Hydrogen.    11.    Atomic  weight,  1. 

A  permanent  colourless  gas,  devoid  of  smell :  it  is  the  lightest 
body  known  :  it  is  inflammable,  burning  with  an  almost  colourless 
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flame,  forming  only  water.  It  is  but  very  slightly  soluble  in 
water.  It  combines  with  half  its  volume  of  oxygen,  forming 
Avater ;  the  combination  takes  place  slowly  on  contact  with  pla- 
tinum-black, which  may  be  made  into  a  ball  with  moist  clay, 
and  introduced  into  the  gaseous  mixture ;  or  immediately,  with 
explosion,  on  the  application  of  a  light.  Equal  volumes  of 
hydrogen  and  chlorine  combine  with  explosion  when  exposed  to 
sunlight,  forming  hydrochloric  acid ;  in  the  dark  they  combine 
very  slowly  or  not  at  all.  When  hydrogen,  or  a  gaseous  mixture 
containing  hydrogen,  is  passed  over  red-hot  oxide  of  copper,  or 
when  an  organic  compound  is  heated  to  redness  with  excess  of 
oxide  of  copper,  the  whole  of  the  hydrogen  is  converted  into 
water,  which  may  be  collected  in  a  tube  containing  chloride  of 
calcium,  and  the  amount  of  hydrogen  determined  from  the  in- 
crease in  weight  of  the  tube.  The  carbon  in  organic  compounds 
is  converted  by  the  same  process  into  carbonic  anhydride.  This 
is  the  most  general  method  for  detecting  the  presence  of  hydrogen. 

Oxides  of  Hydrogen. — The  most  important  oxide  of  hydro- 
gen is  Water,  OH  2.  It  is  a  colourless  liquid,  devoid  of  taste  or 
smell,  and  neutral  to  litmus-paper.  When  evaporated  on  pla- 
tinum foil,  it  leaves  no  residue. 

For  the  detection  of  water  in  solid  non-volatile  bodies,  in 
minerals  and  salts,  the  substance  under  examination  is  heated  to 
dull  redness  in  a  perfectly  dry  glass  tube,  closed  at  one  end, 
which  is  held  in  a  slanting  position  over  the  lamp  ;  if  any  water 
be  present  it  will  be  condensed  in  the  cool  part  of  the  tube, 
either  in  the  form  of  mist  or  of  drops.  In  the  case  of  organic 
compounds,  the  heat  applied  must  not  be  sufficient  to  decompose 
them  entirely. 

The  estimation  of  water,  in  substances  which  are  not  vola- 
tilised or  decomposed  by  an  elevation  of  temperature,  is  effected 
by  simply  heating  them  to  a  certain  temperature,  until  they  no 
longer  lose  weight,  and  determining  the  loss  of  weight  sustained 
by  them.  The  degree  of  heat  necessary  varies  in  different  sub- 
stances. Substances  which  cannot  be  dried  by  heat  {e.  g.  gases, 
volatile  liquids,  &c.)  are  freed  from  water  by  contact  with 
chloride  of  calcium,  sulphuric  acid,  phosphoric  anhydride,  and 
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other  hygroscopic  bodies.  In  substances  whicli  are  decomposed 
by  heat,  the  water  is  collected  in  a  weighed  chloride  of  calcium 
tube,  and  estimated  directly  by  the  increase  in  weight  of  the  tube. 
This  method  is  inapplicable  when  any  of  the  products  of  de- 
composition {e.g.  ammonia)  are  absorbed  by  chloride  of  calcium. 

GROUP  I. 

Metals  whose  sulphides  are  insoluble  in  dilute  mineral  acids; 
which  can,  therefore,  be  completely  precipitated  by  hydrosul- 
phurio  acid  from  a  solution  acidulated  by  nitric  or  hydro- 
chloric acid. 

This  group  contains  two  subdivisions:  — 

A.  Metals  whose  sulphur  compounds  possess  acid  properties. 
These  are  arsenic,  antimony,  tin,  gold,  platinum,  iridium,  selenium^ 
tellurium,  mohjbdenum,  wolfram,  vanadium.  Their  sulphides  are 
soluble  in  alkaline  sulphides,  and  form  therewith  sulpho-salts, 
which  are  generally  analogous  to  the  oxygen  salts  of  the  same 
elements,  oxygen  being  replaced  by  sulphur. 

B.  Metals  whose  sulphur  compounds  do  not  possess  acid  pro- 
perties. Tljcse  are  lead,  silver,  mercury,  bismuth,  copper,  cad- 
mium, palladium,  rhodium,  osmium,  ruthenium.  Their  sulphides 
are  insoluble  in  alkaline  sulphides.  (vSulphide  of  mercury  is 
soluble  in  sulphide  of  potassium,  or  sodium  ;  sulphide  of  copper  is 
somewhat  soluble  in  sulphide  of  ammonium.) 

The  metals  of  these  two  subdivisions  are  very  readily  separated. 
Their  acid  solution  is  completely  precipitated  by  hydrosulphuric 
acid  (the  precipitation  being  facilitated  by  gentle  heat),  and  the 
precipitate  digested  with  an  excess  of  sulphide  of  ammonium,  or 
sulphide  of  potassium ;  when  the  sulphides  of  the  metals  of  the 
second  division  remain  undissolved,  while  those  of  the  first 
division  are  completely  dissolved.  The  addition  of  dilute  hydro- 
chloric acid,  reprecipitates  the  dissolved  sulphides,  with  evolution 
of  hydrosulphuric  acid  (2SbSq<:-''  -f  6ClII  =  Sb2S''4-3Sir-'  +  ()ClK); 
and,  if  the  alkaline  sulphide  employed  contained  any  sul[)hur  com 
pound  higher  than  the  protosulphide,  with  separation  of  sulphur. 


80 


AESENIC. 

p 


PART  II. 


Group  I.  —  Subdivision  A. 
1.  Arsenic.    As.    Atomic  weight,  75. 

Arsenic  is  found  native  as  sulphide  of  arsenic  ;  as  metallic 
arsenides  (chiefly  in  combination  with  iron,  nickel,  and  cobalt); 
and  as  arsenates  (of  calcium,  magnesium,  lead,  &c.).  Traces  of 
it  are  almost  invariably  found  in  sulphur,  iron,  copper,  tin,  and 
antimony ;  and  it  also  exists  in  the  deposit  from  several  mineral 
springs.  It  is  a  brittle  metal,  easily  powdered ;  in  contact  with 
moist  air  it  loses  its  metallic  lustre,  is  oxidised  and  covered  with 
a  brown  coating,  from  which  arsenious  acid  may  be  dissolved  by 
water  or  hydrochloric  acid.  It  is  completely  volatile  ;  when 
heated  in  contact  with  air,  it  burns  and  forms  arsenious  anhy- 
dride, giving  off  at  the  same  time  a  penetrating  smell  of  garlic. 
It  is  not  attacked  by  hydrochloric  acid  ;  nitric  acid  oxidises  it 
into  arsenious  acid,  or,  if  very  concentrated,  partly  into  arsenic 
acid.  Chlorine  combines  violently  with  metallic  arsenic  at  the 
ordinary  temperature,  forming  liquid  terchloride  of  arsenic.  Chlo- 
rine, aqua-regia,  or  hydrochloric  acid  and  chlorate  of  potassium 
oxidise  all  arsenic  compounds,  without  exception,  to  arsenic  acid : 
the  same  effect  is  produced  by  the  fusion  of  an  arsenic  compound 
with  a  nitrate. 

Oxides  of  Arsenic.  Arsenious  Anhydride,  As'-O-^.  Arsenic 
Anhydride,  As^O^. 

a.  Arsenious  Anhydride.  Arse?nous  Oxide.  As^O"'.— Obtained 
either  as  a  white  powder,  or  as  a  transparent  glassy  mass, 
which  becomes  opaque  by  exposure  to  the  air,  Avithout,  how- 
ever, absorbing  any  moisture.  It  can  be  obtained  in  definite 
octahedral  crystals,  either  by  sublimation,  or  by  crystallisation 
from  a  hot  saturated  aqueous  solution.  It  is  completely  vola- 
tile ;  its  vapour  is  free  from  smell ;  the  characteristic  gai'lic 
smell  of  arsenic  is  only  perceived  when  arsenious  oxide  is  heated 
in  contact  with  charcoal,  or  some  other  reducing  agent.  It  is 
a  violent  poison.  It  is  difficultly  soluble  (in  about  50  parts) 
in  cold  water;  more  easily  (in  10  to  12  parts)  in  hot  water;  still 
more  easily  in  hydrochloric  acid,  or  alkalis.     The  aqueous  solu- 
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tlon  contains  arsenious  acid,  AsIIO'^IP,  analogous  to  phosplioroiis 
acid:  tlic  alkaline  solution  contains  an  alkaline  arsenitc. 

Arsenious  acid  forms  a  definite  series  of  salts,  which  are  closely 
analogous  to  the  phosphites  :  many  of  them  are  insoluble  in  water. 
An  aqueous  solution  of  an  arsenite  is  coloured  yellow  by  hydro- 
sulphuric  acid,  but  is  not  precipitated  unless  free  acid  be  present, 
in  which  case  the  whole  of  the  arsenic  is  precipitated  as  tersul- 
phide  ( As^S^),  of  a  lemon-yellow  colour.  Tersulphide  of  arsenic  is 
readily  soluble  in  caustic  alkalis  (whether  fixed  or  volatile)  form- 
ing an  alkaline  arsenitc  and  suli)harsenite,  (As^S*  +  4KII0  = 
AsS''IIIv-  +  As03IIK2  +  OTP),  in  alkaline  carbonates,  sulphites, 
and  sul|)liides,  and  in  nitric  acid:  it  is  insoluble  in  hydrochloric 
acid.  From  any  of  these  solutions  it  is  completely  reprecipitated 
as  tersul[)hidc  on  neutralisation  with  nitric  or  hydrochloric  acid, 
(For  other  reactions  of  As^S^  see  p.  86.)  With  nitrate  of  silvet, 
after  exact  neutralisation  with  ammonia,  arsenious  acid  gives  a 
yellow  precipitate:  with  sulphate  of  cojiper,  after  neutralisa- 
tion, a  yellowish-green  precipitate  (Scheele's green):  with  excess 
of  lime-water,  a  white  precipitate.  The  two  first  of  these  pre- 
cipitates are  readily  soluble  in  ammonia,  chloride  of  ammonium, 
and  nitric  acid  ;  the  last  in  nitric  acid  and  ammoniacal  salts.  Arse? 
nious  acid  is  not  precipitated  by  a  mixture  of  ammonia,  chloride 
of  ammonium,  and  a  magnesium-salt.  Arsenious  acid  is  a  powerful 
reducing  agent,  being  itself  oxidised  into  arsenic  acid.  Thus,  with 
terchJoride  of  gold,  its  acid  solution  gives  a  precipitate  of  metallic 
gold,  from  the  weight  of  which  the  amount  of  arsenious  acid  may 
be  calculated,  3  atoms  arsenious  acid  reducing  2  atoms  of  gold 
(3As03I13  +  2C13AU  +  30II-'  =  3As04HJ  +  Au2  +  6C1II)  :  with 
bichromate  and  permanganate  of  potassium  it  gives  a  green  and 
brown  -yellow  colour  respectively.  When  a  solution  of  an  alkaline 
arsenite  is  heated  with  a  little  sulphate  of  copper,  a  red  preci])itatc 
of  suboxide  of  copper  is  formed  (  AsITO^K^-f  2SO'*Cu2  +  20112= 
AsO^IP  +  SO^KH  S0'»H2  +  Cu'O).  A  solution  of  arsenious  acid 
in  excess  of  carbonate  of  sodium  takes  up  iodine,  foi*ming  arsenic 
acid  and  a  metallic  iodide  (AsIIO^Na^  +  Na20  +  I2  =  AsO''Na2H-+- 
2INa).  If  a  little  starch  paste  be  added  to  the  mixture,  the  first 
appearance  of  a  blue  tint  marks  exactly  the  point  at  which  all  the 
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arsenious  acid  is  converted  into  arsenic  acid.    (On  tliis  reaction  is 
founded  a  method  for  the  volumetric  estimation  of  chlorine,  iodine, 
&c.,  p.  249.)  If  clean  metallic  copper  be  immersed  in  a  hydrochloric 
acid  solution  of  arsenious  acid,  a  grey  precipitate  of  metallic  arsenic 
is  formed  on  the  copper.    (Reinsch's  test.)    "When  arsenious  (or 
arsenic)  acid  is  brought  into  contact  with  metallic  zinc  and  dilute 
hydrochloric  or  sulphuric  acid  in  a  Marsh's  apparatus,  hydrogen 
is  evolved  together  with  arsenide  of  hydrogen,  AsH^,  a  gas  which 
has  a  verynauseous  smell  and  is  inflammable,  burningwith  a  bluish- 
white  flame,  and  forming  water  and  arsenious  anhydride.    If  a  cold 
surface,  e.  g.  a  fragment  of  porcelain,  be  introduced  into  the  flame, 
shining  stains  of  metallic  arsenic  are  deposited  upon  it,  wliich,  ac- 
cording to  the  quantity  of  arsenic  present,  are  of  a  brown,  steel- 
grey,  or  almost  black  colour.    Very  small  traces  of  arsenic  may  be 
detected  in  this  manner.    The  arsenic  spots  disappear  on  the  addi- 
tion of  a  drop  of  a  strong  alkaline  solution  of  hypochlorite  of  sodium; 
or  they  are  dissolved  by  a  drop  of  hot  nitric  acid,  forming  a  clear 
solution  Avhich  contains  either  arsenious  or  arsenic  acid.    If  a  drop 
of  nitrate  of  silver  be  now  added  to  this  solution,  and  a  glass-rod 
moistened  with  ammonia  be  held  over  it  (without  touching  it),  a 
j^ellow  or  red  precipitate  of  arsenite  or  arsenate  of  silver  is  formed. 
If  the  arsenic  spots  be  exposed  to  an  atmosphere  of  moist  chlorine 
(evolved  in  the  cold  from  chloride  of  lime  and  a  dilute  acid),  they 
at  once  disappear;  and  if  a  drop  of  nitrate  of  silver  be  then 
dropped  on  the  place  where  the  arsenic  spot  was,  a  reddish 
precipitate  is  formed,  consisting  of  arsenate  and  chloride  of 
silver.    If  the  arsenide  of  hydrogen  (previously  dried  by  passing 
through  a  chloride  of  calcium  tube)  be  led  through  a  narrow 
tube  of  hard  glass,  free  from  lead,  which  is  drawn  out  to  a  point 
at  the  further  end,  and  the  middle  of  the  tube  heated  to  redness 
over  the  lamp,  a  dark-brown  shining  ring  of  metallic  arsenic  is 
deposited  in  the  tube,  beyond  the  heated  portion ;  if  arsenic  be 
present  in  any  quantity,  the  ring  is  completely  opaque.  The 
arsenic  deposit  is  readily  volatile,  and  may  be  driven  hither  and 
thither  in  the  tube  by  the  application  of  heat,  while  a  stream  of 
hydrogen  is  kept  passing  through  the  tube  :  the  arsenic  does  not 
fuse  into  globules,  and  the  gas  that  issues  from  the  tube  has  a 
distinct  smell  of  garlic.    If  the  arsenic  deposit  be  heated  while  a 
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stream  of  hydrosulplmric  acid  is  passed  through  the  tube,  it  is 
Entirely  converted  into  volatile  yellow  tersulpiiide  of  arsenic, 
Avhich  is  not  decomposed  by  hydrocliloric  acid.  If  arsenide  of 
hydrogen  be  led  into  hot  concentrated  nitric  acid,  a  clear  solution 
of  arsenic  acid  is  formed  ;  if  it  be  led  into  a  solution  of  nitrate  of 
silver,  arsenite  of  silver  is  formed,  which  is  retained  in  solution  by 
the  free  nitric  acid,  and  is  precipitated  yellow  on  the  neutralisa- 
tion of  the  free  acid  by  ammonia.  This  property  of  forming 
a  gaseous  compound  with  hydrogen,  from  which  a  metallic  deposit 
may  be  obtained,  distinguishes  arsenic  from  every  other  metal 
except  antimony,  which,  under  the  same  circumstances,  yields  a 
metallic  deposit  very  closely  resembling  in  appearance  that  of 
arsenic :  it  may,  however,  be  distinguished  from  the  arsenic  deposit 
by  several  reactions,  which  will  be  enumerated  under  the  head  of 
Antimony  (p.  90). 

The  vapour  of  arsenious  anhydride  is  easily  reduced  by  passing 
over  redhot  charcoal,  metallic  arsenic  being  separated  (As^O^-l- 
C^=As2  +  3CO).    Thus,  if  a  fragment  of  arsenious  anhydride  be 
placed  in  the  closed  end  of  a  very  narrow  tube,  and  two  or  three 
splinters  of  freshly  ignited  charcoal,  about  half  an  inch  long,  be 
placed  above  it,  and,  the  tube  being  held  horizontally,  the  part  of 
it  containing  the  charcoal  heated  to  redness  before  the  arsenious 
anhy<lride  is  volatilised,  a  dark  shining  ring  of  metallic  arsenic 
will  be  formed  in  the  tube  beyond  the  charcoal :  this  ring  may  be 
driven  by  heat  from  one  part  of  the  tube  to  another,  till  it  is 
entirely  oxidised  by  the  air  in  the  tube,  and  converted  into  colour- 
less, shining,  volatile  crystals  of  arsenious  anhydride,  the  octa- 
hedral form  of  which  may  be  clearly  discerned  through  a  magni- 
fying glass.    When  arsenious  anhydride  is  fused  with  cyanide  of 
potassium,  cyanate  of  potassium  is  formed,  and  the  whole  of  the 
arsenic  volatilised   (As203  +  3CyK  =  3CyOK  + As^).     When  a 
fragment  of  arsenious  anhydride  about  the  size  of  a  pin's  head  is 
lieated  in  a  test-tube  with  about  the  same  quantity  of  dry  acetate 
of  potassium,  oxide  of  kakodyl  is  formed,  and  easily  recognised  by 
its  peculiarly  offensive  smell  (4C211302K  + As203  =  C''H'2As-O -f- 
2CO''K-+2C02).     When  arsenious  acid  or  any  other  arsenic 
compound  is  mixed  with  a  large  excess  of  organic  matter,  it  may 
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be  separated  therefrom  by  distillation  with  chloride  of  sodium 
and  excess  of  concentrated  sulphuric  acid,  Avhen  terchloride  of 
arsenic  passes  over  into  the  distillate,  Avhere  it  gives  the  ordinary 
reactions  of  arsenious  acid.  The  whole  of  the  arsenic  cannot  be 
separated  in  this  manner. 

b.  Arsenic  Anhydride.  Arsenic  Oxide.  As-O'^.  —  A  Avhite 
opaque  mass,  Avhich,  when  freshly  fused,  has  a  glassy  appearance. 
By  ignition  it  is  decomposed  into  ai'senious  anhydride  and  oxygen, 
and  volatilises  entirely,  leaving  no  residue.  It  absorbs  moisture 
from  the  air  and  gradually  liquefies :  and  is  then  readily  soluble 
in  6  parts  cold  and  2  parts  hot  Avater.  The  solution,  which 
has  a  strong  acid  reaction,  contains  Arsenic  Acid,  AsO-^IP,  a 
tribasic  acid,  precisely  analogous  to  phosphoric  acid.  Most  arse- 
nates are  colourless,  and  isomorplious  with  the  corresponding 
phosphates:  those  which  are  not  soluble  in  water  are  soluble  in 
nitric  or  hydrochloric  acid. 

A  solution  of  an  arsenate  acidified  by  hydrochloric  acid  is  very 
slowly  precipitated  by  hydrosid phuric  acid  at  the  ordinary  tem- 
perature, not  less  than  twenty-four  hours  being  necessary  for 
complete  precipitation :  the  precipitation  is  facilitated  by  gently 
heating  the  solution  while  the  gas  is  being  passed  into  it.  The 
precipitate  is  pentasulphide  of  arsenic,  As^S^ :  it  resembles  As^S-^ 
in  colour  and  in  behaviour  to  solvents;  but  its  solution  in  an 
alkali  contains  an  alkaline  arsenate  as  Avell  as  a  sulpharsenate, 
(As2S5  4-40KII=AsS4K2H  +  As04K-H-f  StP).  If  the  acidified 
solution  of  an  arsenate  be  heated  with  sulphurous  acid,  until  the 
smell  of  the  latter  has  entirely  disappeared,  the  arsenic  acid  is 
reduced  to  arsenious  acid  (AsO^IP  +  SO^IP.^  AsHO^Rs  +  SO^IP), 
which  is  precipitated  by  hydrosulphuric  acid  much  more  speedily 
than  arsenic  acid.  In  order  to  effect  a  complete  reduction, 
the  treatment  Avith  sulphurous  acid  must  be  continued  for  some 
hours.  When  As^S^  is  dissolved  in  ammonia,  nitrate  of  silver 
added,  and  tlie  Avhole  exactly  neutralised  Avith  nitric  acid,  a 
]  eddish-broAvn  precipitate  is  formed:  As^S^  Avhen  similarly  treated, 
gives  a  yelloAv  precipitate.  With  nitrate  of  silver  a  neutral 
arsenate  gives  a  reddish-broAvn  precipitate  of  AsO'*Ag^ :  Avitli 
sulphate  of  copper,  a  pale  greenish-blue  precipitate  of  AsO''Cu2H: 
Avith  linie-ivater  a  Avhite  precipitate:  all  soluble  in  nitric  acid  and 
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ammoiiiiical  salts.  With  sesquisalts  of  iroti  and  uranium  it  gives  a 
ycllowisli-white  precipitate,  with  lead-saMs  a  white  precipitate, 
whose  behaviour  to  reagents  resembles  that  of  the  corresponding 
phosphates.  Arsenate  of  lead,  however,  when  heated  on  charcoal 
before  the  blowpipe,  does  not  crystallise  on  cooling :  in  the  inner 
ihimc  it  is  reduced  to  metallic  lead,  Avhile  the  smell  of  arsenic 
vapours  is  distinctly  perceived.  With  molybdate  of  ammoniutn, 
and  sulphate  of  magnesium,  ammonia,  and  chloride  of  ammonium^ 
the  reactions  of  arsenic  acid  precisely  resemble  those  of  phosphoric 
acid  (pp.  58,  60).  Arsenic  acid  is  always  estimated  as  arsenate 
of  magnesium  and  ammonium,  AsO^Mg^NH"*:  in  this  case  the 
precipitate  must  be  dried  in  the  Avater-bath  and  weighed  as  AsO^* 
Mg^Nll^-j-iH-'O ;  for  if  it  be  ignited,  as  directed  for  the  corre- 
sponding phosphate,  a  loss  would  ensue  from  the  volatilisation  of 
a  portion  of  the  arsenic.  When  a  solution  of  an  arsenate  or  arsenite 
acidified  Avith  hydrochloric  acid  is  heated  to  boiling  with  hypo- 
sulphite of  sodium,  tersulphide  of  arsenic  is  precipitated  (2 AsO^IP 
+  3S-03Na2  =  As2S>  +  3SO->Na2  ^  30IF).  — Vohh  (Ann.  Ch. 
Pliarm.  xcvi.  238.)  In  Marsh's  apparatus,  arsenates,  like 
arsenites,  evolve  arsenide  of  hydrogen. 

Distinction  and  separation  of  arsenic  and  arsenious  acids. — 
Arsenic  acid  is  completely  precipitated  by  a  mixture  of  ammonia, 
chloride  of  ammonium,  and  a  soluble  magnesium-salt,  while 
arsenious  acid  is  not  precipitated  at  all  by  this  reagent:  hence  all 
the  arsenic  acid  may  be  removed  from  a  solution  as  arsenate  of 
magnesium  and  ammonium,  and  the  filtrate  acidified  with  h3^dro- 
chloric  acid,  and  saturated  with  hydrosulphuric  acid,  when,  if 
arsenious  acid  be  present,  yellow  As^S-^is  precipitated.  Arsenious 
acid  reduces  terchloride  of  gold :  arsenic  acid  does  not.  In  those 
arsenates  which  are  only  soluble  in  acids  (which  therefore,  cannot 
be  precipitated  by  a  magnesium-salt),  the  arsenic  acid  is  detected 
by  neutralising  the  solution  as  nearly  as  possible  with  ammonia, 
and  adding  acetate  of  sodium  and  a  very  little  scsquichloride  of 
iron,  when  sesquiarsenate  of  iron  is  precipitated. 

Arsenic  acid  is  distinguished  from  phosphoric  acid  by  its  pre- 
cipitation from  an  acid  solution  by  hydrosulphuric  acid.  The 
arsenate  of  magnesium  and  ammonium,  and  the  sesquiarsenate  of 
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iron  are  distinguished  from  the  corresponding  phosphates  by 
their  evolving  arsenide  of  hydrogen  in  Marsh's  apparatus,  and  by 
their  behaviour  before  the  blow-pipe  (p.  -87). 

Sulphides  of  Arsenic. — The  two  principal  sulphides  of  arsenic 
correspond  to  its  two  oxides ;  tersulpliide,  As^S^,  corresponding 
to  As^O'^  and  pentasulphide,  As^S'',  to  As^O^  These  sulphides, 
like  the  oxides,  are  capable  of  forming  acids  perfectly  analogous 
to  the  oxygen  acids,  the  oxygen  being  replaced  by  sulphur:  thus, 
As^S^  forms  sulpharsenious  acid,  AsHS^PP,  analogous  to  arse- 
nious  acid,  AsHO^H'-;  and  As^S^  forms  mlpharsenic  acid,  AsS'^H^, 
analogous  to  arsenic  acid,  AsO^H^.  Alkaline  salts  of  these  acids 
•are  formed  when  the  sulphides  are  dissolved  in  alkaline  sulphides. 
These  sulpho-salts  are  decomposed  by  mineral  acids,  the  arsenic 
being  reprecipitated  as  sulphide,  and  hydrosulphuric  acid  being 
evolved  — (2AsS4K3-f6ClH  =  As2S5  +  6ClIv  +  3SIP  ;  and  2AsH 
S--^K- +  4C1U= As2S3  4- 4C1K  +  3SH2). 

When  either  sulphide  of  arsenic  is  fused,  even  in  the  smallest 
quantity,  in  a  glass  tube  with  cyanide  of  potassium,  a  ring  of 
metallic  arsenic  is  formed  in  the  tube.  Sulphocyanate  of  potassium 
is  thus  foi'med,  together  with  a  sulpharsenic  salt,  which  latter  is 
not  decomposed  by  cyanide  of  potassium:  hence  all  the  arsenic 
present  cannot  be  reduced  and  volatilised  in  this  manner.  If  the 
sulphide  of  arsenic  be  mixed  with  excess  of  sulphur,  the  whole 
of  the  arsenic  goes  to  form  a  sulpharsenic  salt,  and  no  metallic 
deposit  is  obtained.  The  presence  of  certain  easily  reducible 
metals  (copper,  lead,,  ii'on,  nickel,  cobalt,  silvei-,  gold — but  not 
bismuth  or  antimony)  hinders  the  formation  of  a  metallic  depo- 
sit on  fusion  with  cyanide  of  potassium.  When  As^S^  is  fused 
with  an  alkaline  carbonate  in  a  glass  tube,  a  ring  of  me- 
tallic arsenic  is  obtained,  and  the  fused  mass  contains  a  mix- 
ture of  an  alkaline  arsenate  and  sulpharsenate  (5As2S3=3As'-S^ -f- 
As4,and  3As-'S'H120KII=3AsS''K2H-f  3As04K2H-f  3SrP.)  If 
this  mixture  of  arsenate  and  sulpharsenate  be  heated  in  a  stream 
of  hydrogen,  or  in  contact  with  charcoal,  the  arsenic  contained 
in  the  arsenate  is  reduced  to  the  metallic  state,  but  not  that  con- 
tained in  the  sulpharsenate.  Hence  no  metallic  deposit  is  obtained 
by  fusing  As^S^,  or  As^S^  mixed  with  sulphur,  with  an  alkaline  car- 
bonate.   In  this  manner  As-S^  may  be  distinguished  from  As^S''. 
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In  order  to  employ  the  above  reactions  of  tlie  tersulpliide  of 
arsenic  with  an  alkaline  cyanide  or  carbonate  for  the  detection  of 
very  small  traces  of  ai-senic  (as  in  judicial  investigations),  the 
following  is  the  best  method  of  proceeding:—!  part  of  As-S^ 
(which  must  not  contain  any  free  sulphur)  is  dried  and  mixed 
with  12  parts  of  a  perfectly  dry  powder,  consisting  of  1  part 
cyanide  of  potassium  and  3  parts  carbonate  of  sodium,  and 
the  mixture  introduced  by  means  of  a  slip  of  stiff  paper  into  a 
tube  of  hard  glass  9  or  10  inches  long,  which  is  di*awn  out  at  one 
end  to  a  thin  open  point  about  an  inch  in  length.  The  tube  is 
then  connected  by  the  end  not  drawn  out  with  an  apparatus  in 
which  carbonic  anhydride  is  generated  by  the  action  of  hydro- 
chloric acid  on  marble,  and  a  slow  stream  of  carbonic  anhydride, 
previously  dried  by  passing  through  strong  sulphuric  acid,  led 
througli  the  tube.  The  mixture  in  the  tube  is  first  gently  heated, 
in  ordi-r  to  expel  all  moisture  from  it;  the  tube  is  then  heated  to 
redness,  between  the  mixture  and  the  pointed  end,  and  finally  the 
mixture  itself  is  strongly  ignited  ;  when  a  ring  of  metallic  arsenic 
will  be  deposited  at  the  commencement  of  the  point.  It  is  of  im- 
portance that  all  moisture  should  be  expelled  from  the  mixture 
before  it  is  ignited,  and  that  the  stream  of  carbonic  anhydride 
should  be  very  slow.  Sulphide  of  antimony  gives  no  metallic 
deposit  under  these  circumstances. —  Fresenius  and  Babo. 

Blowpipe  reactions. — When  any  arsenic  compound  is  heated  on 
charcoal  (either  alone  or  with  carbonate  of  sodium  and  cyanide  of 
potassium)  in  the  inner  blowpipe  flame,  tlie  characteristic  garlic 
smell  is  at  once  perceived,  by  which  the  smallest  trace  of  arsenic 
may  be  detected. 

Arsenic  may  be  completely  separated  from  all  metals  whose  sul- 
phides are  not  volatile,  by  heating  the  mixed  sulphides  or  oxides 
in  a  stream  of  hydrosulphuric  acid. 

The  detection  of  arsenic  is  one  of  the  easiest,  and  at  the  same 
time  one  of  the  most  important  problems,  in  analytical  chemistry. 
The  volatility  of  all  its  compounds,  its  exceedingly  easy  reduction 
to  the  metallic  state,  coupled  with  its  characteristic  smell,  its 
complete  precipitation  by  hydrosulphuric  acid  from  an  acid  solu- 
tion, the  formation  of  arsenide  of  hydrogen  when  any  arsenic  com- 
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pound  is  brought  in  contact  with  zinc  and  sulphuric  acid,  form  an 
ensemble  of  reactions  which  in  completeness  and  precision,  are 
ccpialled  by  those  of  few  other  metals. 

Estintation  of  Arsenic.  —  Arsenic  is  best  estimated  as  arsenate  of 
magnesium  and  ammonium  (see  p.  85). 

2,  .Vittiniony.    Sb.    Atomic  weight,  120. 

Found  in  nature  generally  as  sulphide,  in  combination  with 
other  metallic  sulphides,  as  the  protosulphides  of  lead  and  iron, 
tersulphide  of  arsenic,  and  subsulphide  of  co})per.  It  is  a  very 
lustrous  metal,  of  a  bluish-white  colour;  very  brittle  and  easily 
powdered.  At  the  ordinär}^  temperature  it  is  not  atfected  by  the 
air:  when  strongly  heated  it  volatilises  entirely,  forming  white 
fumes  of  antimonous  oxide,  which  are  destitute  of  smell.  It  is 
scarcely  attacked  at  all  by  hydrochloric  acid,  even  on  boiling : 
aqua-regia  dissolves  it  readily,  forming  terchloride  of  antimony : 
nitric  acid  converts  it  into  a  mixture  of  antimonous  and  antimonic 
anhydrides,  insoluble  in  nitric  acid,  soluble  in  tartaric  acid.  By 
fusion  of  an  antimony  compound  Avitli  nitrate  of  potassium,  the 
antimony  is  entirely  oxidised  to  antimonic  acid.  Chlorine  attacks 
antimony  violently  at  the  ordinary  temperature,  with  great  evolu- 
tion of  heat,  forming  volatile  ter-  or  penta-chloride  of  antimony, 
CPSb  or  CPSb,  according  to  the  proportions  of  antimony  and 
chlorine  employed.  All  sulphur  compounds  of  antimony  are  soluble 
in  hot  concentrated  hydrochloric  acid,  with  evolution  of  hydrosul- 
phuric  acid,  and  (in  the  case  of  compounds  containing  more  sulphur 
than  Sb^S"^)  with  separation  of  sulphur.  • 

Oxides  OF  Antimony.  Antimonic  Oxide,  Sb'^O^;  Antimo7iic  An- 
hydride, Sb^O'^ ;  Intermediate  Oxide,  Sb'^O^  —  Antimony  is  less 
closely  analogous  to  phosphorus  and  the  non-metallic  elements 
than  arsenic  is.  Its  highest  oxide  combines  with  water  and  forms 
an  acid,  antimonic  acid;  but  the  acid  properties  of  the  lower  oxide 
are  less  clearly  defined ;  for,  though  under  certain  circumstances 
it  appeal's  to  be  capable  of  forming  antimonites,  it  is  generally  met 
with  in  salts  in  which  antimony  plays  the  part  of  a  base. 

a.  Aiitimonic  Oxide.  A^itimonous  Anhydride.  Sb^O"'. — A 
white  powder,  which  when  heated  fuses  to  a  yellow  mass,  and  at 
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a  red  heat  sublimes  entirely,  forming  crystalline  neeillcs.  It  is 
Yorv  snarinslv  soluble  in  Avater:  soluble  in  tartaric  acid:  nitric 
acid  oxidises  it  into  insoluble  antimonic  anhydride,  or  into  the 
intermediate  oxide,  Sb-^O^:  hydrochloric  acid  dissolves  it  readily, 
ionning  terchloride,  CFSb.  The  best  solution  in  which  to  study 
t!ie  reactions  of  antimony-salts  in  the  Avet  way  is  one  of  CPSb,in 
Avhich  the  precipitate  produced  by  dilution  is  redissolved  in  hydro- 
chloric acid.  Antimony-salts  are  very  unstable:  they  are  decom- 
l)osed  by  water,  with  precipitation  of  a  white  insoluble  basic  salt. 
Tartaric  acid  prevents  this  decomposition.  Ihjdrosidphuric  acid 
precipitates  the  whole  of  the  antimony  as  tersulphide,  Sb-\S^  of  an 
orange-red  colour,  soluble  in  alkaline  sulphides  and  in  caustic 
potasli,  slightly  soluble  in  ammonia,  insoluble  in  acid  carbonate  or 
sulidiite  of  ammonium.  A  neutral  dilute  solution  of  tartar-emetic 
(tartrate  of  antimony  and  potassium)  is  only  coloured  orange  by 
hydrosulphuric  acid:  on  addition  of  hydrochloric  acid,  Sb^S**  is  pre- 
cipitated. Caustic  potash  precipitates  Sb-0^  soluble  in  excess: 
ammonia  and  alkaline  carbonates  precipitate  Sb^O^,  insoluble,  or 
very  slightly  soluble,  in  excess:  oxalic  acid  gradually  precipitates 
all  the  antimony  as  Sb^O-*.  Tartaric  acid  prevents  the  precipitation 
in  all  these  cases.  Chromic  acid  oxidises  an  acid  solution  of  Sb^O^ 
into  antimonic  acid.  Terchloride  of  gold  is  reduced  by  SbCl"*:  anti- 
monic acid  generally  separates  out  together  with  the  metallic  gold- 
By  this  reaction  Sb-0'  may  be  estimated  in  presence  of  antimonic 
acid.  With  a  solution  of  antimonic  oxide  in  potash,  terchloride  of 
gold  ami  nitrate  of  silver  give  black  precipitates,  the  latter  of  which 
is  insoluble  in  ammonia.  These  are  the  most  delicate  reactions  for 
tlie  detection  of  Sb20^  and  distinguish  it  pei'fectly  from  antimonic 
acid.  Metallic  zinc,  iron,  and  tin,  immersed  in  terchloride  of  an- 
timony, give  a  black  precipitate  of  metallic  antimony.  With  zinc 
and  dilute  sulphuric  acid  (in  Marsh's  apparatus),  terchloride  of 
antimony,  or  any  antimony  compound  except  the  sulphides,  evolve 
gaseous  antimonide  of  hydrogen,  SblP,  an  inflammable  gas,  very 
closely  resembling  AsIP.  Like  AsIP  it  is  decomposed  by  passing 
through  a  glass  tube  heated  to  redness  in  one  spot,  and  a  ring  of 
metallic  antimony  is  deposited  in  the  cool  part  of  the  tube.  Tliis 
is  less  volatile  than  the  arsenic  deposit :  when  heated  it  fuses  into 
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small  shining  globules  befoi-e  volatilising,  Avhicli  are  visible 
througli  a  magnifying  glass,  and  no  garlic  smell  is  produced.  If 
the  antimony  deposit  be  heated  in  a  stream  of  hydrosulpliuric  acid, 
it  is  converted  into  sulphide  of  antimony,  of  a  black,  or  partly 
orange,  colour ;  which,  when  heated  in  a  stream  of  hydrochloric 
acid  gas,  completely  disappears,  being  decomposed  into  liydrosul- 
phuric  acid  and  volatile  terchloride  of  antimony.  If  SbH^  be 
kindled,  and  a  fragment  of  porcelain  introduced  into  the  flame, 
metallic  stains  are  deposited,  Avhich  are  blacker  and  less  shining 
than  those  of  arsenic,  and  are  insoluble  in  hypochlorite  of  sodium. 
Nitric  acid  does  not  dissolve  them,  but  converts  them  into  an  in- 
soluble mixture  of  antimonic  oxide  and  anhydride.  If  the  excess 
of  acid  be  gently  evaporated  the  residue  gives  a  black  precipitate 
with  ammonio-nitrate  of  silver.  When  exposed  to  moist  chlorine, 
they  disappear,  like  the  arsenic  stains:  but  a  drop  of  nitrate  of 
silver  dropped  on  the  place  where  they  wei-e  gives  only  a  white 
precipitate.  A  drop  of  nitric  and  of  hydrochloric  acid  dissolves 
them  completely,  and  when  the  excess  of  acid  is  carefully  driven 
off  by  evaporation,  the  solution  gives  an  orange  precipitate  with 
hydrosulpliuric  acid.  When  moistened  with  sulphide  of  ammonium 
and  evaporated,  they  become  orange.  When  led  into  hot  concen- 
trated nitric  acid,  SbH^  gives  a  white  precipitate  of  antimonic 
acid,  which,  after  evaporation  of  the  free  acid,  and  treatment  witli 
hot  water,  remains  insoluble.  When  led  into  nitrate  of  silver,  all 
the  antimony  is  precipitated  as  black  antimonide  of  silver,  SbAg^- 
b.  Antimonic  Anhydride^  Sb^O''. — A  yellow  powder,  which  on 
ignition  loses  oxygen  and  becomes  white,  being  converted  into 
antimonous-antimonic  oxide,  Sb^O^.  In  combination  with 
water  it  forms  anlimojiic  acid,  a  Avhite  powder,  insoluble  in 
water.  Antimonic  acid  seems  to  exist  under  tAvo  modifications, 
which  very  closely  resemble  each  other,  and  so  are  distinguished 
with  much  difficulty.  The  first,  of  which  the  potassium-salt  is 
obtained  by  heating  antimony  with  nitrate  of  potassium,  is 
insoluble  in  water  and  in  ammonia,  soluble,  though  not  readily,  in 
hydrochloric  and  tartaric  acids,  and  partially  precipitated  from 
the  hydrochloric  acid  solution  by  water.  The  second,  {metanti- 
monic  acid)  is  obtained  by  the  precipitation  of  pentachloride  of 
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antimony  by  water,  or  by  the  fusion  of  an  alkaline  antimonate 
with  excess  of  caustic  alkali :  it  is  gradually  soluble  in  ammonia, 
and  in  a  large  excess  of  cold  water,  and  is  precipitated  from  these 
solutions  by  acids.  Metantimonate  of  potassium  serves  as  a 
reagent  for  the  detection  of  sodium,  metantimonate  of  sodium 
being  difficultly  soluble  in  water,  and  insoluble  in  alcohol.  In  an 
aqueous  solution  it  is  gradually  converted  into  ordinary  anti- 
monate of  potassium,  which  does  not  precipitate  sodium-salts,  and 
is  precipitated  by  chloride  of  ammonium. 

A  hydrochloric  acid  solution  of  antimonic  acid  is  precipitated 
as  orange  pentasulphide,  Sb^S'',  by  hydrosulplmric  acid:  this  pre- 
cipitate forms  somewhat  more  slowly  than  Sb-S^.  With  ter- 
chloride  of  gold  and  oxalic  acid  it  gives  no  precipitate:  when 
heated  with  chloride  of  tin  it  is  reduced,  and  antimonic  oxide 
precipitated:  protosalts  of  iron  do  not  reduce  it.  A  solution  of 
antimonate  of  potassium  gives  with  nitrate  of  silver  a  yellowisli- 
Avhite  precipitate  of  antimonate  of  silver,  readily  soluble  in  am- 
monia.   With  terchloride  of  gold  it  gives  no  precipitate. 

c.  By  the  ignition  of  antimonic  acid  or  anhydride,  an  oxide, 
Sb-'O^  is  formed,  intermediate  between  Sb^O^  and  Sb^O^.  It  may 
be  regarded  as  a  compound  of  1  atom  antimonic  oxide,  with  1  atom 
antimonic  anhydride  (Sb^O^=Sb20^-|-Sb20^);  or  as  antimonate 
of  antimony  (SbO^'Sb).  It  is  the  best  form  in  which  to  determine 
antimony :  for  the  product  obtained  by  the  oxidation  of  the  sul- 
phides of  antimony,  itself  not  constant  in  composition,  is  entirely 
converted  by  ignition  into  Sb'*0^. 

Distinction  of  the  Oxides  of  Antimony  from  each  other.  — 
B Unsen  (Ann.  Ch.  Pharm,  cvi.  1.)  states  that  Sb^O^  may  be  dis- 
tinguished from  Sb''0^  and  Sb''^>  by  means  of  hydriodic  acid. 
When  either  Sb-'O'^  or  Sb^O'"'  are  heated  with  pure  iodide  of 
potassium  and  hydrochloric  acid,  iodine  is  set  free,  and  a  dark 
coloured  solution  formed ;  when  Sb^O-''  is  similarly  treated,  a 
yellow  solution  is  formed,  no  iodine  being  liberated.  The  ter- 
iodide  being  the  highest  iodine  compound  of  antimony,  in  the  case 
of  the  two  higher  oxides  there  must  be  more  iodine  liberated 
than  is  capable  of  combining  with  the  antimony  (Sb'-^O'^-H  10111  = 
213Sb  +  P-hoOIP),  while  with  Sb^O^  the  amount  of  iodine 
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liberated  is  exactly  what  is  requisite  to  combine  with  the  anti- 
mony (Sb203  +  6ni  =  2PSb  +  30IP).  Sb^O-Ms  distinguished  from 
Sb'^O^  and  Sb-O^  by  the  fjict  that  the  two  lower  oxides  reduce 
amnioniacal  nitrate  of  silver,  giving  a  brown  or  black  precipitate, 
while  Sb^O"^  has  no  reducing  action. 

Sulphides  of  Antimony.  —  The  two  most  important  sulphides 
of  antimony  are  Sb^S^  and  Sb^S'^  corresponding  to  Sb-0^  and 
vSb^O^  respectively.  They  are  both  orange-yellow,  insoluble  in 
dilute  hydrochloric  acid,  soluble  in  nitric  or  strong  boiling 
hj'drochloric  acid.  They  are  both  soluble  in  alkaline  sulphides, 
forming  sulphantimonites  and  sulphantimonates,  sulpho-salts 
entirely  analogous  to  those  of  arsenic :  the  solution  is  decomposed 
by  hydrochloric  acid,  and  the  sulphide  reprecipitated. 

Blowpipe  reactions.  —  All  antimony  compounds,  (except  the 
sulpho-salts)  when  heated  on  charcoal  before  the  blowpipe  with 
cyanide  of  potassium  or  carbonate  of  sodium,  give  a  brittle 
globule  of  metallic  antimony,  which  may  be  volatilised  entirely 
by  continued  heat,  and,  if  it  contain  no  arsenic,  evolves  no  smell 
of  garlic :  at  the  same  time  the  charcoal  is  covered  with  a  white 
deposit  of  Sb-0^,  Avhich,  when  heated,  volatilises  readily.  The 
compounds  of  the  oxides  or  sulphides  of  antimony  witl^  a  fixed 
alkaline  base  are  entirely  decomposed  and  volatilised  by  repeated 
ignition  with  chloride  of  ammonium,  a  fixed  alkaline  chloride  being 
left  beliind. 

Separatio7i  of  Antimony  from  Arsenic.  —  The  presence  of 
arsenic  in  metallic  antimony  is  easily  detected  by  the  garlic  smell 
that  is  evolved  when  the  metal  is  heated  before  the  blowpipe. 
Sulphide  of  antimony  must  be  reduced  to  the  metallic  state  by 
fusion  with  carbonate  of  sodium  and  cyanide  of  potassium :  in 
examining  commercial  sulphide  of  antimony,  it  is  best  to  operate 
only  on  the  residue  which  is  left  after  treating  a  considerable 
quantity  of  the  finely  powdered  sulphide  with  strong  hydrochloric 
acid.  From  a  freshly  precipitated  mixture  of  the  sulpliides  of  the 
two  metals,  all  the  sulphide  of  arsenic  may  be  removed  by 
digestion  with  carbonate  of  ammonium,  while  the  sulphide  of 
antimony  remains  undissolved.  The  two  metals  may  also  be 
detected  in  presence  of  each  other  by  the  different  reactions  (given 
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above)  of  the  mctiillic  deposits  obtained  by  means  of  INIarsli's 
apparatus.  The  first  spots  deposited  by  a  solution  containing 
both  metals  consist  of  pure  arsenic.  The  presence  of  a  small 
amount  of  antimony  does  not  prevent  the  complete  solution  of  an 
arsenic  spot  in  hypochlorite  of  sodium. 

For  the  complete  quantitative  separation  of  arsenic  and  anti- 
mony, the  following  is  the  best  method.  The  two  metals,  their 
sulphides,  or  their  oxides,  are  completely  dissolved  in  aqua-regia, 
or  in  hydrochloric  acid  and  chlorate  of  potassium  :  to  the  solution 
is  added  tartaric  acid,  chloride  of  ammonium,  and  excess  of 
ammonia.  If  any  precipitate  be  produced,  it  must  be  dissolved 
in  more  tartaric  acid  or  chloride  of  ammonium.  The  arsenic  acid 
is  then  completely  precipitated  by  sulphate  of  magnesium,  as 
AsO"*^Ig^NII*,  thoroughly  Avashed  with  dilute  ammonia,  dried  in 
a  water-bath,  and  weighed.  The  antimony  is  then  precipitated 
from  the  acid  solution  by  hydrosulphuric  acid. 

liunsen  (Ann.  Ch.  Pharm,  cvi.)  states  that  the  sulphide  of 
arsenic  may  be  separated  from  that  of  antimony  by  acid  sulpliito 
of  potassium,  which  dissolves  the  sulphide  of  arsenic,  but  not  that 
of  antimony.  He  proceeds  as  follows.  To  tlie  solution  of  the  sul- 
phides in  sul[)hideof  potassium,  alarge  excessof  aqueoussulphurous 
acid  is  added,  and  the  whole  evaporated  in  the  water-bath,  till  |^ 
of  the  water,  and  all  tiie  free  sulphurous  acid  are  expelled  :  when 
the  sulphide  of  antimony  remains  undissolved,  Avhile  all  the 
arsenic  is  contained  in  the  solution  as  arsenious  acid,  and  may  be 
precipitated  by  hydrosulphuric  acid.  If  sulphide  of  tin  be 
present,  it  will  be  left  undissolved  together  with  the  sulphide  of 
antimony. 

Another  method,  founded  on  the  insolubility  of  metantimonate 
of  sodium,  will  be  described  under  the  head  of  Tin  (p.  98). 

Antimony  is  frequently  found  in  minerals  in  the  form  of 
sulphide,  combined  with  one  or  more  basic  metallic  sulphides. 
The  methods  employed  for  the  separation  of  the  antimony,  vary 
in  different  cfises.  In  zinkenite  (sulphide  of  antimony  and  copper) 
and  bournonite  (sulphide  of  antimony,  copper,  and  lead)  the 
finely  powdered  mineral  is  oxidised  by  nitric  acid,  the  solution 
saturated  with  potash,  and  digested  with  yellow  sulphide  of 
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potassium  :  or  the  mineral  is  fused  with  three  parts  dry  carbonate 
of  sodium  and  two  parts  sulphur,  in  a  covered  porcelain  crucible, 
and  the  fused  mass,  when  cool,  digested  in  hot  water :  when,  in 
either  case,  the  sulphide  of  antimony  is  dissolved,  while  the 
sulphides  of  copper  and  lead  remain  behind.  Red  silver-ore 
(SAg^S,  Sb^S^)  is  decomposed  by  heating  in  a  current  of  chlorine, 
when  the  antimony  and  sulphur  are  volatilised  as  chlorides,  while 
chloride  of  silver  remains  behind.  Commercial  sulphide  of  anti- 
mony, when  finely  powdered,  is  soluble  in  fuming  hydrochloric 
acid,  or  more  easily  in  aqua-regia. 

Bunsen  (loc.  cit.)  recommends  that  antimony  be  always  esti- 
mated as  Sb^O^.  Fuming  nitric  acid  may  be  employed  for  the 
oxidation  of  the  sulphide  ;  but  he  prefers  fusing  the  sulphide,  freed 
from  excess  of  sulphur  by  washing  with  bisulphide  of  carbon,  Avith 
oxide  of  mercury,  a  large  excess  of  which  must  be  used,  in  order 
to  avoid  the  risk  of  explosion.  By  ignition  the  excess  of  oxide 
of  mercury  is  expelled,  and  the  antimony  left  in  the  form  of 

3.  Tin.    Sn.    Atomic  weight,  118. 

Generally  found  in  nature  in  the  form  of  binoxide,  as  tin-stone. 
Tin  is  a  white,  malleable,  easily  fusible  metal  :  it  is  not  affected 
by  exposure  to  the  air  at  the  ordinary  temperature;  but,  when 
heated  in  the  air,  it  becomes  covered  with  a  film  of  stannic  oxide. 
It  is  soluble  in  hot  hydrochloric  acid,  with  evolution  of  hydi'Ogen, 
and  formation  of  chloride  of  tin,  Cl^Sn  :  in  aqua-regia,  with  forma- 
tion of  pcrchloride  of  tin,  Cl*Sn:  nitric  acid  converts  it  into 
stannic  oxide,  insoluble  in  the  acid :  heated  in  contact  with 
chlorine  it  forms  volatile  CPSn. 

Oxides  of  Tin.  Stannous  Oxide,  or  Protoxide  of  Tin,  SnO. 
Stannic  Oxide,  or  Binoxide  of  Tin,  SnO-. — Stannous  oxide  has 
no  acid  properties :  in  all  stannous  salts  the  tin  is  basic.  Stannic 
oxide  exhibits  acid  properties,  forming  two  definite  hydrates, 
which  are  weak  acids. 

a.  Sta7inous  Oxide.  Protoxide  of  Tin.  SnO. — A  blackish- 
brown  powder,  which,  when  heated  in  contact  with  the  air,  takes 
fire,  and  is  converted  into  binoxide.    Stannous  hydrate  is  white ; 
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it  dissolves  in  acids,  forming  protosalts  of  tin,  or  siamwiis  salts. 
These  salts  are  colourless :  those  which  are  neutral  are  partially 
precipitated  by  water:  they  absorb  oxygen  from  the  air,  forming 
Avhite  binoxide,  which  is  precipitated  if  there  be  not  enough  free 
acid  present  to  hold  it  in  solution.  The  best  solution  in  which 
to  study  the  reactions  of  protosalts  of  tin,  is  the  chloride,  CPSn. 
Uydrosulphuric  acid,  or  sulpldde  of  ammonium  gives  a  dark- 
brown  precipitate  of  sulphide  of  tin,  SnS,  which,  by  digestion 
with  an  alkaline  sulphide,  is  converted  into  bisulphide,  SnS^,  and 
so  dissolved :  the  addition  of  hydrochloric  acid  to  the  solution 
precipitates  yellow  bisulphide.  Ammonia  and  alkaline  carbonates 
give  a  white  precipitate  of  hydrate,  insoluble  in  excess  :  the 
hydrate  is  soluble  in  excess  of  potash,  and  a  brownish  precipitate 
separates  on  boiling  the  solution.  Chloride  of  tin  is  a  very 
powerful  reducing  agent :  it  absorbs  oxygen  from  the  air  and 
from  water:  it  reduces  sesquisalts  of  iron  to  protosalts,  salts  of 
copper  to  subsalts,  chromic  acid  to  chromic  oxide.  It  reduces 
the  metal  from  the  salts  of  many  of  the  heavy  metals :  (c)  with 
terchloride  of  gold,  an  acid  solution  of  chloride  of  tin  gives  a 
purple  precipitate  (in  very  dilute  solutions  a  purple  tinge  only) 
insoluble  in  hydrochloric  acid  :  with  chloride  of  mercury,  it  gives 
a  white  precipitate  of  subchloride,  Avhich,  if  chloride  of  tin  be  in 
excess,  and  heat  applied,  is  further  reduced  to  grey  metallic 
mercury.  When  heated  with  sulphurous  acid,  yellow  bisulphide 
and  white  binoxide  of  tin  are  formed  (6CPSn  +  2S03H2  +  40H2 
=  öSn02  +  SnS2  +  12ClII). 

b.  Stannic  Oxide  or  Anhydride.    Binoxide  of  Tin.  SnO^.  

A  white  powder,  which,  after  ignition,  has  a  yellowish  tinge:  it 
is  then  insoluble  in  water  and  acids,  especially  in  nitric  acid. 
By  ignition  with  excess  of  chloride  of  ammonium,  it  may  be 
volatilised  completely.  Like  antimonic  anhydride,  it  appears  to 
exist  in  two  modifications,  each  of  which  forms  a  definite  hydrate, 
which  differ  very  considerably  in  several  of  their  reactions.  I^ach 
of  these  hydrates  is  an  acid  ;  and,  since  one  of  them  saturates  a 
larger  proportion  of  base  than  the  other,  we  may  call  tliat  which 
has  the  highest  capacity  of  saturation  stannic,  tlie  other,  meta- 
stannic,  acid.    Stannic  acid  is  obtained  as  a  white  precipitate 
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when  perclilorido  of  tin,  CPSn,  is  treated  with  ammonia,  or 
largely  diluted  with  water  and  heated.  It  is  soluble  in  hydro- 
chloric acid,  the  solution  is  not  precipitated  by  acids,  and  the 
presence  of  tartaric  acid  prevents  its  precipitation  by  ammonia. 
Carbonate  of  potassium  gives  an  abundant  white  precipitate, 
soluble  in  excess  of  the  reagent :  gallic  acid  gives  no  precipitate. 
3Ietasta7mic  acid  is  the  insoluble  white  compound  produced  by 
the  action  of  strong  nitric  acid  on  metallic  tin  :  it  can  only  be 
dissolved  in  hydrochloric  acid  by  long  boiling  and  addition  of 
water.  Its  solution  is  entirely  precipitated  by  sulphuric  acid,  or 
by  ammonia,  even  in  presence  of  tartaric  acid.  Carbonate  of 
potassium  gives  a  white  precipitate,  in.^oluble  in  excess  ;  fjaUic 
acid,  after  some  time,  gives  a  yellowish-wliite  precipitate.  Both 
stannic  and  metastannic  acids  are  precipitated  from  their  hydro- 
chloric acid  solutions  on  boiling,  especially  in  presence  of  alkaline 
sulphates  :  the  precipitation  is  the  more  speedy  the  less  free  acid 
is  present.  Both  are  completely  soluble  in  caustic  potash  or  soda. 
Both  ai'e  precipitated  from  their  acid  solution  by  JujdrosuljjJuiric 
acid  (especially  when  gently  heated)  as  yellow  bisulphide  of  tiuj 
SnS^  which  is  readily  soluble  in  alkaline  sulphides,  less  readily 
in  caustic  alkalis  ;  and  by  ignition  in  the  air,  is  converted  into 
binoxide. 

There  is  no  difficulty  in  detecting  stannous  salts  in  presence 
of  stannic  salts  ;  the  reactions  with  terchloride  of  gold  and 
chloride  of  mercury,  and  the  brown  colour  of  the  sulphide,  SnS, 
are  sufficient  to  detect  even  the  smallest  traces  of  stannous  oxide. 

Sulphides  of  Tin. — The  sulphide  of  tin,  SnS,  corresponding 
to  the  protoxide,  does  not  possess  acid  properties,  and  does  not 
combine  with  alkaline  sulpliides  to  form  sulpho-salts.  It  is  true 
that  it  is  dissolved  by  digestion  with  an  alkaline  sulphide,  but 
this  is  in  consequence  of  its  conversion  into  bisulphide,  which  is 
precipitated  on  the  addition  of  hydrochloric  acid.  Bisulphide  of 
tin,  SnS^,  does  combine  with  alkaline  sulphides,  forming  sulpho- 
stannates. 

Blowpipe  reactions. — All  tin  compounds,  when  heated  on  char- 
coal with  carbonate  of  sodium  and  cyanide  of  potJissium,  yield  a 
malleable  metallic  globule,  without  any  incrustation  on  the  char- 
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coal.  This  globule,  wlien  dissolved  in  liydrocliloric  acid,  gives  a 
white  precipitate  with  chloride  of  mercury,  which  becomes  grey 
"when  heated. 

Separation  of  Tin  from  Arsenic— T\n  is  distinguished  from 
arsenic  and  antimony  by  its  forming  no  gaseous  compound  with 
hydrogen,  so  that  no  metallic  deposit  can  be  obtained  from  a  tin 
compound  by  means  of  M  a  r  s  h '  s  apparatus.    Hence  the  presence 
of  arsenic  in  metallic  tin  is  readily  detected  by  treating  the  granu- 
lated metal  with  sulphuric  acid  (without  zinc)  in  Marsh's  appa- 
ratus.  In  a  mixture  of  the  sulphides  of  arsenic  and  tin,  the  arsenic 
is  volatilised  with  a  garlic  smell  when  the  sulphides  are  heated 
before  the  blowpipe  on  charcoal  with  carbonate  of  sodium  and 
cyanide  of  potassium,  while  a  malleable  metallic  globule  of  tin  is 
left,  without  any  incrustation  on  the  charcoal.    Or  the  sulphides 
may  be  dissolved  in  hydrochloric  acid  and  chlorate  of  potassium, 
and  the  solution,  after  expelling  by  heat  the  excess  of  chloi'ine, 
tested  by  Marsh's  apparatus.  A  complete  and  accurate  separation 
of  tin  from  arsenic  is  etfected  by  heating  their  sulphides  or  oxides 
in  a  stream  of  hydrosulphuric  acid,  when  the  sulphide  of  arsenic 
volatilises  entirely,  while  the  sulphide  of  tin  remains  behind. 
The  sulphide  of  arsenic  is  collected  in  aqueous  ammonia,  the 
solution  saturated  with  hydrochloric  acid,  which  reprecipitates  the 
sulphide,  which  is  then  oxidised  by  the  addition  of  chlorate  of 
])otassium  and  heating,  Avithout  filtration  ;  and  the  arsenic  acid 
thus  formed,  precipitated  as  arsenate  of  magnesium  and  ammo- 
nium, dried  and  weighed.    The  sulphide  of  tin  is  converted  into 
binoxide  by  ignition  in  the  air,  and  weighed. 

Separa(io7i  of  Tin  from  Antimony. — Tin  is  detected  in  pre- 
sence of  antimony  by  oxidising  the  two  metals,  or  their  sulphides, 
by  nitric  acid,  and  boiling  the  oxides  (after  thoroughly  washing 
them)  with  tartaric  acid,  which  dissolves  the  oxide  of  antimony 
alone  ;  the  residual  binoxide  of  tin  is  reduced  to  the  metallic 
state  by  fusion  with  cyanide  of  potassium  and  carbonate  of  sodium, 
dissolved  in  hydrochloric  acid,  and  tested  with  chloride  of  mer- 
cury. Or  both  the  oxides  may  be  reduced  to  a  metallic  globule 
by  fusion  with  cyanide  of  potassium  and  carbonate  of  sodium, 
and  the  globule  heated  on  charcoal  in  the  inner  blowpipe  flame 
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■when  the  antimony  is  volatilised,  forming  a  white  incrustation 
on  the  charcoal,  while  a  malleable  globule  of  tin  remains  behind. 
An  accurate  quantitative  separation  of  tin  and  antimony  can  only 
be  effected  by  the  process  described  in  the  following  section. 

Separation  of  Tin  from  Ai'senic  and  Antimony. — A  qualita- 
tive separation  of  these  metals  may  be  effected  by  digesting  the 
freshly  precipitated  mixed  sulphides  with  a  solution  of  carbonate 
of  ammonium,  which  dissolves  all  the  sulphide  of  ai'senic  together 
with  a  little  of  the  sulphide  of  tin.  The  arsenic  is  detected  by 
reprecipitating  the  sulphide  from  this  solution  by  hydrochloric 
acid,  and  reducing  it  by  heating  with  cyanide  of  potassium  in  a 
stream  of  carbonic  anhydride  ;  or  dissolving  it  in  as  little  aqua- 
regia  as  possible,  and  testing  the  solution  by  Marsh's  process. 
The  sulphides  insoluble  in  carbonate  of  ammonium  are  dissolved 
in  hydrochloric  acid  to  which  a  little  chlorate  of  potassium  has 
been  added,  and  the  solution  treated  with  zinc  and  sulphuric  acid 
in  a  small  Marsh's  apparatus  ;  when  the  antimony  is  detected  by 
the  metallic  deposit  obtained,  which  must  be  identified  by  the  re- 
actions given  above.  The  tin  is  found  in  the  Marsh's  apparatus 
as  a  black  metallic  powder,  which  is  separated  by  levigation  from 
the  undissolved  zinc,  dissolved  in  hot  hydrochloric  acid,  and  the 
solution  tested  with  chloride  of  mercury. 

The  only  process  by  which  a  complete  quantitative  separation 
can  be  effected,  is  that  given  by  H.  Rose,  which  is  founded  on 
the  insolubility  of  metantimonate  of  sodium.  The  mixed  sul- 
phides are  oxidised  by  nitric  acid,  evaporated  to  dryness  in  a 
water-bath,  and  the  residue  fused  in  a  silver  crucible  with  eijrht 
times  its  weight  of  solid  caustic  soda.  The  fused  mass,  when 
cool,  is  digested  in  hot  water  until  the  undissolved  portion  is 
in  the  form  of  a  finely  divided  powder  :  about  \  its  volume  of 
alcohol  added  to  the  solution,  and  the  Avhole  allowed  to  stand  for 
twenty-four  hours,  with  occasional  stirring.  The  precipitate, 
which  contains  all  the  antimony  as  metantimonate  of  sodium,  is 
then  filtered  off*,  and  washed  successively  with  mixtures  contain- 
ing 3  vols,  water  and  1  vol.  alcohol,  1  vol.  water  and  1  vol.  alco- 
hol, and  1  vol.  water  and  3  vols,  alcohol,  to  which  a  little  car- 
bonate of  sodium  has  been  added  :  the  washing  is  continued  as 
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long  as  hydrosulpliuric  acid  gives  the  slightest  yellow  colour  with 
the  wash-water.  The  alcoholic  filtrate,  which  contains  all  the 
arsenic  and  tin  as  arsenate  and  stannate  of  sodium,  is  saturated 
with  hydrocliloric  acid,  which  produces  a  copious  precipitate  : 
and  the  acid  solution,  in  which  the  precipitate  is  suspended,  is 
saturated  with  hydrosulphuric  acid,  and  the  precipitated  sulphides 
filtered  olF.  The  filtrate  is  heated  till  all  the  alcoliol  and  free  hydro- 
sulphuric  acid  are  expelled,  treated  with  sulphurous  acid,  and  again 
saturated  with  hydrosulphuric  acid,  which  generally  precipitates  a 
little  more  tersulphide  of  arsenic.  Tlie  mixed  sulphides  of  arsenic 
and  tin  are  then  heated  in  a  current  of  hydrosulphuric  acid,  as 
described  page  97,  and  the  arsenic  estimated  as  arsenate  of  mag- 
nesium and  ammonium,  AsO-^Mg^NtP  +  ^FPO,  and  the  tin  as  bin- 
oxide.  The  precipitate  of  metantimonate  of  sodium  is  dissolved 
in  a  mixture  of  hydrochloric  and  tartaric  acids,  and  the  antimony 
precipitated  as  sulphide  from  the  acid  solution  by  hydrosulphuric 
ac-id.  The  composition  of  the  sulphide  not  being  constant,  the 
antimony  cannot  be  determined  directly  from  the  weight  of  the 
sulphide.  To  estimate  the  antimony,  a  weighed  portion  of  the 
sulphide  is  oxidised  by  nitric  acid,  until  all  the  sulphur  is  con- 
verted into  sul[)huric  acid,  which  is  then  precipitated  by  chloride 
of  barium,  and  the  antimony  calculated  from  the  weiglit  of  sul- 
phate of  barium  obtained.  Or  a  weighed  portion  of  the  sulpliide 
is  reduced  by  heating  in  a  stream  of  hydrogen,  and  the  residual 
metallic  antimony  weighed.  Or  the  sulphide  may  be  converted 
into  Sb'^O^  by  ignition  with  oxide  of  mercury,  and  weighed  in 
that  form. 

This  process  gives  accurate  results  when  carefully  performed  : 
but  it  is  difl[icult  to  avoid  loss  from  spirting  during  the  fusion 
Avith  soda,  a  process  which  is  also  injurious  to  the  silver  crucible. 
To  obviate  these  inconveniences,  Dr.  Williamson  has  proposed 
to  employ  hypochlorite  of  sodium  to  oxidise  the  sulphides,  instead 
of  soda.  The  sulphides  are  dissolved  in  as  little  sulphide  of  sodium 
as  possible,  enough  soda  added  to  neutralise  exactly  all  the  acids 
that  will  be  formed,  and  the  whole  boiled  with  excess  of  hypochlo- 
rite of  sodium.  Or  chlorine  may  be  passed  at  once  into  the  hot 
alkaline  solution,  until  complete  oxidation  be  effected.  When 
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performed  with  care,  this  method  of  oxidation  is  perfectlj  satis- 
factory. 

Vöhl  (Ann.  Cli.  Pharm.,  xcvi.  237)  states  that  tin  may  be 
separated  from  arsenic  and  antimony  by  treating  their  liydro- 
chloric  acid  solution  with  liyposulphite  of  sodium;  Avhen  antimony 
and  arsenic  are  completely  precipitated  as  sulphides,  while  all  the 
tin  remains  in  solution. 

4.  Oold.    Au.    Atomic  weight,  196. 

Gold  is  generally  found  native ;  occasionally  in  combination 
with  other  metals.  It  is  a  soft,  yellow,  very  heavy  metal,  com- 
bining with  oxygen  with  great  difficulty.  It  is  insoluble  in  hydro- 
chloric, sulphuric,  or  nitric  acid :  (nitric  acid  containing  nitrous 
acid  dissolves  it  slightly :)  it  is  soluble  in  aqua-regia,  forming  a 
solution  of  terchloride  of  gold,  AuCl^.  Finely  divided  gold  is 
dissolved  with  ease  by  gaseous  chlorine  or  chlorine-water. 

Oxides  of  Gold.    Protoxide,  Au^O.     Teroxide,  Au^O^. 

a.  Protoxide  of  Gold.  Aurous  Oxide.  Au^O. —  A  dark  violet 
or  black  powder,  which  separates  on  the  addition  of  a  small 
quantity  of  subnitrate  of  mercury  to  tercliloride  of  gold.  It  is 
insoluble  in  oxygen  acids:  soluble  in  aqua-regia:  hydrochloric  acid 
decomposes  it  into  terchloride  and  metallic  gold.  Its  correspond- 
ing chloride,  AuCl,  is  similarly  decomposed  by  water.  On  igni- 
tion aurous  oxide  loses  its  oxygen,  leaving  metallic  gold. 

b.  Teroxide  of  Gold.  Auric  Oxide.  Au^O^. —  A  brownish- 
black  powder,  which  very  readily  parts  with  its  oxygen  when 
heated.  It  is  insoluble  in  nitric  or  sulphuric  acid,  unless  very 
concentrated,  and  then  but  very  slightly  soluble :  hydrochloric 
acid  dissolves  it  readily,  forming  terchloride.  A  solution  of  ter- 
chloride of  gold  gives,  with  hydrosulphuric  acid,  a  dark  brown 
precipitate  of  tersulphide,  Au^S^,  soluble  in  aqua-regia,  in  sulphide 
of  ammonium  (with  difficulty),  insoluble  in  nitric  acid.  Caustic 
potash  gives  no  precipitate,  unless  it  contains  organic  matter, 
when  it  separates  some  protoxide  (Rose):  ammonia  gives  a 
reddish-yellow  precipitate  of  fulminating  gold.  Gold  is  reduced 
from  a  solution  that  does  not  contain  free  nitric  acid,  by  most 
other  metals,  even  by  platinum,  silver,  and  mercury.    The  same 
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reduction  is  effected  more  readilj  by  the  following  reagents, 
especially  on  heating :  protosalts  of  iron  (when  excess  ot  hydro- 
chloric acid  must  be  present,  to  prevent  the  formation  of  an 
insoluble  basic  iron-salt),  a  hydrochloric  acid  solution  arsenious 
acid,  terchloride  of  antimony,  sulphitrovs  acid,  oxalic  acid,  a 
solution  of  sugar  in  potash,  and  many  other  organic  substances. 
( AuCP  +  3SO»Fe2  =  Au  +  S^Qi-Te-»  +  IVCP  ;  2AuC13  +  SC^O^H^ 
=  Au2-f6C02  +  6C1H.)  The  reduced  gold  is  generally  precipi- 
tated as  a  brown  or  reddish-purple  powder,  which  assumes  a 
yellow  metallic  appearance  when  rubbed  with  any  hard  sub- 
stance, (c)  A  solution  of  chloride  of  tin,  to  which  enough 
hydrochloric  acid  has  been  added  to  form  a  clear  solution,  gives 
a  purple  colour  or  precipitate,  even  in  the  most  dilute  gold  solu- 
tion ;  tliis  precipitate  (purple  of  Cassius)  is  insoluble  in  hydro- 
chloric acid,  but,  when  freshly  precipitated,  is  soluble  in  ammonia, 
forming  a  purple  solution. 

Blowpipe  reactions.  —  When  heated  on  charcoal  with  borax  or 
carbonate  of  sodium  in  the  inner  flame,  gold  compounds  yield  a 
yellow,  very  malleable  globule  of  metallic  gold. 

Separation  and  estimation  of  Gold.  —  The  detection  of  gold  is 
attended  with  no  difficulty,  owing  to  the  ease  with  which  it  is 
reduced  to  the  metallic  state.  In  many  cases  the  reduction  is 
quite  complete,  as  for  instance  with  protosalts  of  iron  ;  so  that 
this  reagent  is  generally  employed  for  the  estimation  of  gold.  In 
the  analysis  of  a  solution  containing  gold  and  other  metals,  it  is 
better  to  remove  the  gold  by  protosulphate  of  iron  before  passing 
hydrosulphuric  acid :  otherwise,  owing  to  the  imperfect  solubility 
of  sulphide  of  gold  in  sulphide  of  ammonium,  some  difficulty  may 
arise  in  its  subsequent  detection.  In  the  analysis  of  ores  which 
contain  very  little  gold  {e.g.  pyrites),  the  gold  is  removed  by 
digestion  with  chlorine-water  (or  chloride  of  lime  and  hydro- 
chloric acid),  and  precipitated  from  the  concentrated  solution  by 
arsenious  acid.  Silver  coins  frequently  contain  traces  of  gold, 
which  are  left  as  a  black  powder  when  the  coin  is  dissolved  in 
nitric  acid.  Gold  may  also  be  separated  from  silver  and  copper 
by  boiling  in  concentrated  sulphuric  acid. 
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5.    Platinum.    Pt.    Atomic  weight,  99. 

Is  found  both  native  and  in  combination  with  other  metals.  It 
is  a  grey,  soft,  very  heavy  metal,  whose  tendency  to  combine  with 
oxygen  is  even  less  than  that  of  gold.  When  pure  it  is  not  at  all 
attacked  by  nitric,  hydrocliloric,  or  sulpliuric  acids :  when 
alloyed  Avith  other  metals  {e.  g.  silver),  it  is  somewhat  soluble  in 
nitric  acid.  Aqua-regia  dissolves  it,  forming  bichloride  of  plati- 
num, PtCF.  Platinum  is  not  fusible  at  the  strongest  heat  of  a 
furnace.  When  heated  Avith  caustic  alkalis  it  is  attacked  and 
oxidised:  and  when  heated  with  easily  reducible  metallic  oxides 
(e.  g.  oxide  of  lead)  it  forms  an  easily  fusible  alloy  with  the 
reduced  metal.  Substances  of  this  kind,  therefore,  must  not  be 
fused  in  platinum  crucibles. 

Oxides  of  Platinum.    Protoxide,  Pt-0.    Binoxide,  Pt-0-. 

a.  Protoxide  of  Platinum.  Platinoiis  Oxide.  Pt-0. —  Its  hy- 
di'ate  is  precipitated  as  a  black  powder  by  potash  from  a  solution 
of  protochloride  of  platinum,  PtCl.  When  ignited  it  is  first  con- 
verted into  the  anhydrous  oxide,  and  then  into  metallic  platinum, 
giving  off  oxygen.  The  protochloride  is  obtained  by  heating  the 
bichloride,  PtCl^ :  it  is  a  brown  powder,  Avhich,  Avhen  free  from 
bichloride,  is  insoluble  in  water:  hydrochloric  acid  dissolves  it, 
Avithout  access  of  air,  as  PtCl ;  Avith  access  of  air,  as  PtCP. 
Protochloride  of  platinum  is  soluble  in  potash  or  soda  :  alcohol 
precipitates  the  Avhole  of  the  platinum  from  this  solution  in  a 
finely  divided  state  (platinum-black).  The  solution  of  proto- 
chloride of  platinum  is  dark-broAvn.  Its  most  characteristic 
reaction  is  Avith  ammonia,  Avith  Avhich  it  gives  a  green  crystalline 
precipitate  of  PtClNH^,  insoluble  in  cold  Avater  or  alcohol :  the 
supernatant  liquid  is  colourless. 

b.  Binoxide  of  Platinum.  Platinic  Oxide.  Pt^O^. — Its  hydrate 
is  precipitated  Avith  a  reddish-brown  colour  on  the  first  addition 
of  potash  to  nitrate  of  platinum.  When  ignited  it  loses  AA-^ater 
and  then  oxygen,  leaving  metallic  platinum.  The  corresponding 
chloride,  PtCl^  is  obtained  by  dissolving  platinum  in  aqua-regia, 
and  driving  off  the  excess  of  acid  by  heat :  towards  the  end  of  the 
operation  a  Avater-bath  must  be  used,  since  the  bichloride  is  de- 
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composed  at  aliiglier  temperature,  with  formation  of  protocliloride. 
It  is  a  dark-brown  syrupy  liquid,  readily  soluble  in  Avater  and 
alcohol,  forming  a  reddish  yellow  solution,  which,  if  any  proto- 
chloridc  bo  present,  has  a  dark-brown  colour,    (c)  Ammonia  and 
pot(ish'g[\Q  with  an  «r/rf  solution  of  bichloride  of  platinum  (with 
a  neutral  solution  chloride  of  ammonium  or  potassium  must  bo 
used),  a  yellow  crystalline  precipitate  of  chloroplatinate  of  ammo- 
nium, PtCPNPP,  or  of  potassium,  PtCPK.    These  precipitates  are 
insoluble  in  acids,  but  soluble  in  excess  of  alkali :  the  solution  of 
chloroplatinate  of  ammonium  in  ammonia  gives  a  white  precipitate 
with  hydrochloric  acid :  they  are  almost  insoluble  in  water,  quite 
insoluble  in  alcohol.    They  serve  for  the  detection  and  separation 
of  platinum,  as  well  as  of  potassium  and  ammonium.    The  chloro- 
platinate of  ammonium  is  converted  by  ignition  into  spongy 
])latiMum  :  platinum  is  always  estimated  in  this  form.    The  chloro- 
platinate of  potassium  is  not  entirely  reduced  by  ignition :  but 
when  heated  with  oxalic  acid  or  in  a  stream  of  hydrogen,  it  is 
completely  decomposed  into  chloride  of  potassium  (which  may  be 
dissolved  out  by  water),  and  spongy  platinum.    Sodium  forms  an 
analogous  compound,  PtCPNa,  which  is  soluble  in  water.  Iodide 
of  potassium  gives  a  dark  red  solution,  whence  biniodide  of  plati- 
num, PtP,  separates  on  heating.    HydrosulpJmric  acid  gives  a 
dark  brown  precipitate  of  bisulphide  of  platinum,  Pt^S^,  which 
forms  very  slowly :  it  is  soluble  in  sulphide  of  ammonium  and 
aqua-rcgia,  insoluble  in  nitric  acid.    Chloride  of  tin  gives  a  dark 
brown-red  colour,  but  no  precipitate.    Platinum  is  not  so  easily 
reduced  from  its  salts  as  gold  is.    Protosalts  of  iron  do  not  reduce 
terchloride  of  platinum,  neither  does  oxalic  acid:  formic  acid  re- 
duces metallic  platinum  on  heating,  if  the  free  acid  be  neutralised 
with  carbonate  of  sodium. 

Bloicpipe  reactions. — All  platinum  compounds  are  reduced  to 
spongy  platinum  in  the  inner  flame,  giving  no  coloured  beads 
with  borax  or  niicrocosmic  salt.  The  spongy  platinum  cannot  be 
fused  into  a  globule  before  the  blowpipe. 

Separation  and  estimatioti  of  Platinum  . — Platinum  is  separated 
from  most  other  metals  by  its  absolute  insolubility  in  nitric  or 
hydrochloric  acid.    From  gold  it  is  readily  distinguished  and 
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separated  by  its  reaction  with  chloride  of  ammonium  or  potassium. 
Since  hydrosulphuric  acid  precipitates  phitinum  very  slowly,  it  is 
better,  in  analysing  a  solution  containing  platinum  and  other 
metals,  to  remove  the  platinum  by  chloride  of  potassium  before 
passing  hydrosulphuric  acid. 

6.  Iridium.    Ir.    Atomic  weight,  98"6. 

Is  .ilways  found  in  platinum-ores.  It  resembles  platinum  in  appear- 
ance :  is  even  more  difficultly  fusible  than  platinum:  is  insoluble  in 
nitric,  hydrochloric,  or  sulphuric  acid,  or  in  aqua-regia.  If  it  be  alloyed 
■with  excess  of  platinum,  aqua-regia  dissolves  it  to  a  certain  extent. 

Oxides  of  Iridium. — There  are  four  oxides  of  iridium,  of  which  the 
most  important  is  the  hinoxide,  lr*0^.    The  corresponding  bichloride, 
IrCP,  is  prepared  by  dissolving  in  aqua-regia  the  black  powder  (sesqui- 
oxide  of  iridium,  Ir^'O*),  obtained  by  igniting  the  metal  with  nitrate  of 
potassium,  or  hydrate  and  chlorate  of  potassium.    The  bichloride  is  also 
formed  when  a  mixture  of  iridium  and  chloride  of  sodium  is  gently 
heated  in  a  current  of  chlorine  :  if  iridium  alone  is  heated  in  chlorine, 
]jrotochloride,  IrCl,  is  formed.    The  aqueous  solution  of  bichloride  of 
iridium  has  a  dark  brownish-red  colour.    'SN \t\\  potash^  it  gives  a  reddish- 
brown  precipitate  of  chloriridate  of  potassium,  IrCFK,  soluble  in  excess 
of  potash  to  a  light-green  solution,  which,  when  heated,  becomes  first 
colourless,  then  red,  and  finally  violet-blue,  and  a  blue  precipitate  of 
hydrated  binoxide  of  iridium  separates  gradually  as  the  solution  is  eva- 
jiorated.    The  colourless  potash  solution  is  reduced  when  heated  with 
alcohol,  finely  divided  iridium  being  precipitated.    With  chloride  of  am- 
monium, it  gives  a  brownish-red  precipitate  of  chloriridate  of  ammonium, 
IrCPiSTH',  and  a  colourless  solution,  which  is  coloured  blue  by  heat  or 
by  exposure  to  the  air.    With  nitrate  of  silver  it  gives  a  dark-blue  pre- 
cipitate, which  rapidly  becomes  colourless  :  ihis  is  a  compound  of  sesqui- 
chloride  of  iridium  and  chloride  of  silver,  Ir'^Cl'^Ag^.    Wit  h  mbiiitrate  of 
■mercury,  a  brownish-yellow  precipitate  of  Ir-CFHg''.  Hydrosulphuric 
acid  decolorises  bichloride  of  iridium,  separating  sulphiir,  and  fornung 
sesquichloride  of  iridium,  whence  brown  bisulphide,  Ir'-^S^  gradually 
separates.   Chloriridate  of  ammonium  is  converted  by  hydrosulphuric  acid 
into  soluble  sesquichloriridate,  Ir^Cl*'(XH*)^.    When  terchloride  of  iri- 
dium is  heated  with  formic  acid,  metallic  iridium  is  slowly  reduced. 

For  the  separation  of  iridium  £roin  platinum,  see  article  Platinum-ores, 
in  Part  IV.  p.  -237. 

7.  Wolfram  or  Tungrsten.  W.    Atomic  weight,  92. 

Occurs  in  nature  as  tungstic  acid,  tungstate  of  iron  and  manganese 
(wolfram),  and  tungstate  of  calcium  (tungsten).  It  is  a  very  heavy, 
hard,  and  difficultly  fusible  metal:  at  the  ordinary  temperature  it  is  not 
affected  by  exposure  to  the  air,  but  at  a  red  heat  it  is  oxidised  into  tungstic 
anhydride,  W-0^.    Its  behaviour  to  acids  is  as  yet  imperfectly  known. 

Oxides  of  Wolfram.    Tavgstic  oxide,  W^O'^    Tungstic  anhydride, 
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W-03.  — There  is  another  oxide,  W•'0^  intermediate  between  these  two 
oxides  :  it  is  of  a  blue  colour,  and  is  generally  spoken  of  as  the  blue 
oxide.  Some  regard  it  as  a  tungstate  of  wolfram :  apparently  it  is  a 
compound  of  tungstic  anhydride  and  tungstic  oxide.  All  lower  oxides 
of  wolfram  are  converted  into  tungstic  anhydride  by  heating  in  the  air  or 
with  nitric  acid. 

a.  Tun^rstic  Oxide.  Broivu  Oxide  of  Wolfram.  ^\^0•.—A  brown 
powder,  insoluble  in  acids  or  alkalis,  obtained  by  heating  tungstic 
anhydride  in  a  stream  of  hydrogen,  or  by  fusing  tungstate  of  potassium 
with  cidoride  of  ammonium. 

b.  Tungstic  Anhydride,  A  soft,  lemon-yellow  powder,  not 
volatile  at  any  heat,  insoluble  in  water  and  acids.  It  combines  with 
water,  forming  a  white  comf)Ound,  W^O^IP,  which  possesses  acid  pro- 
perties. This  is  tungstic  acid:  it  combines  with  basic  metals,  forming  a 
class  of  salts  called  tungstates.  The  alkaline  tungstates  are  sohible  in 
water  :  those  of  the  other  metals  are  insoluble.  Tungstic  acid  is  pre- 
cipitated frnni  the  solution  of  a  tungstate  by  nitric,  hydrochloric,  or  sul- 
phuric acid,  ami  is  insoluble  in  excess  of  tiie  acid  :  non-volatile  jioly- 
basic  acids  (phosphoric,  tartaric)  precipitate  it  also,  but  the  precipitate 
is  soluble  in  excess  of  the  reagent :  hence  the  jiresence  of  excess  of 
phosphate  of  ammonium  prevents  its  precipitation  by  acids.  AVhen 
tungstic  acid  or  a  tungstate  is  brought  into  contact  with  hydrochloric, 
sulphuric,  piiosphoric,  or  acetic  acid,  and  metallic  zinc,  a  deep-blue 
colour  is  produced,  owing  to  the  reduction  of  tungstic  acid  to  the  blue 
oxide.  11  ydi-osulphuric  acid  does  not  precipitate  sulphide  of  wolfrani 
from  an  acid  solution,  but  produces  a  blue  colour,  owing  to  the  formation 
of  the  blue  oxide.  Sidphiile  of  amvioniuni  does  not  precipitate  a  solution 
of  an  alkaline  tungstate,  till  hydrochloric  acid  is  added,  when  brown  bi- 
sulphide, W'S'-,  is  preci{)itate(],  and  the  solution  is  coloured  blue.  Sul- 
phide of  wolfram  is  soluble  in  sulphide  of  ammonium.  Chloride  of  tin 
gives  with  an  alkaline  tungstate  a  yellow  precipitate,  which,  on  addition 
of  hydrochloric  or  sulphuric  acid,  and  gentle  heating,  becomes  blue.  If 
excess  of  the  tin-salt  be  used,  the  colour  is  greenish.  Svbnitraie  of  mer- 
cury gives  a  yellowish-white  precipitate,  which  is  blackened  on  the 
addition  of  ammonia. 

Blowpipe  reactions.  —  Tungstic  acid  is  not  changed  when  heated  alone 
in  the  oxidising  flame  :  in  the  reducing  flame  it  is  blackened.  With  borax 
all  oxides  of  wolfram  give  a  colourless  bead  in  the  outer  flame  :  in  the 
inner  flame,  a  yellow  bead,  which  becomes  darker  on  cooling.  Witli 
microcosmic  salt  they  give  a  colourless  bead  in  the  outer  flame :  in  the 
inner  flame,  a  blue  bead,  which  the  presence  of  iron  changes  to  a  blood- 
red.  The  addition  of  tin  changes  the  red  bead  to  blue  or  green.  AVhen 
heated  on  charcoal  with  carbonate  of  sodium  and  cyanide  of  potassium, 
they  are  reduced,  and  the  wolfram  may  be  separated  as  a  grey  metallic 
powder  by  levigating  the  charcoal. 

Separation  and  estimation  of  Wolfram.  —  For  the  analysis  of  the 
mineral  wolfram,  or  any  other  insoluble  tungstate,  the  substance  is  re- 
duced to  an  impalpable  powder,  and  digested  with  nc^ua-regia  till  it  is 
completely  decomposed,  evaporated  to  dryness  in  the  water-bath,  and 
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tbe  metallic  chloriiles  formed  dissolved  out  with  acidulated  water.  The 
residual  tungstic  acid  (which  also  contains  a  little  silicic  and  niobic  acids) 
is  washed  with  alcohol,  and  treated  with  ammonia,  which  dissolves  the 
tungstic  acid,  leaving  the  silicic  and  niobic  acids  undissolved.  These  are 
filtered  off,  tlie  filtrate  evaporated  and  ignited,  when  pure  tungstic  an- 
hydride is  obtained.  Another  method  is  to  fuse  three  parts  of  the  finely- 
powdered  mineral  with  two  parts  of  carbonate,  and  half  a  part  of  nitrate 
of  potassium  in  a  platinum  crucible,  by  which  process  the  tungstic  acid  is 
entirely  converted  into  tungstate  of  potassium,  which  is  dissolved  out  by 
water,  and  separated  by  filtration  from  tlie  insoluble  oxides.  The  filtrate 
is  nearly  neutralised  with  nitric  acid,  and  precipitated  by  subnitrate  of 
mercury,  a  few  drops  of  ammonia  being  added  to  neutralise  the  free 
nitric  acid.  The  precipitate  is  thoroughly  washed,  (first  with  water,  and 
lastly  with  a  very  dilute  solution  of  subnitrate  of  mercury),  and  ignited, 
when  tungstic  anhydride  is  obtained.  Insoluble  tungstates  may  also  be 
decomposed  by  heating  with  concentrated  sulphuric  acid,  or  by  fusion 
with  acid  sulphate  of  potassium. 

Wolfram  is  always  estimated  as  tungstic  anhydride,  in  which  form  it  is 
usually  separated. 

8.  IVIolybdenum.    Mo.    Atomic  weight,  48. 

Occurs  in  nature  principally  as  sulphide  of  molybdenum  and  as  moljb- 
date  of  lead.  It  is  a  silver-white  metal,  very  difiicullly  fusible,  and 
slightly  malleable.  It  is  not  affected  by  exposure  to  tlie  air  at  the  ordi- 
nary temperature  :  but  when  heated  in  contact  with  air  it  becomes  first 
brown,  then  blue,  and  finally  white,  passing  through  various  stages  of 
oxidation  till  it  is  converted  into  molybdic  anhydride,  Mo'-O''.  It  is 
insoluble  in  hydrochloric  acid :  nitric  acid  or  aqua-regia  convert  it  into 
molybdic  acid  if  sufficient  nitric  acid  be  present ;  if  not,  nitrate  of 
molybdenum  is  formed. 

Oxides  or  Molybdenum.  Protoxide,  Mo"0.  Bmoxide,  Mo^O^. 
Molybdic  Anhydi-ide,  Mo-0^.  —  The  oxides  of  molybdenum  correspond 
with  those  of  wolfram.  There  is  also  a  blue  oxide  of  molybdenum, 
Mo'O'',  intermediate  between  the  binoxide  and  the  anhydride. 

a.  Protoxide  of  Molybdenum.  Molybdous  Oxide.  Mo'-O. — A  black 
powder,  obtained  by  digesting  molybdic  anhydride  with  a  quantity  of 
hydrochloric  acid  not  sufficient  to  dissolve  it,  and  with  metallic  zinc.  It 
is  insoluble  in  acids.  The  hydrate,  MoHO,  is  formed  when  an  alkaline 
molybdate  is  dissolved  in  hydrochloric  acid  and  reduced  by  zinc.  It  is  a 
black  powder,  soluble  in  acids,  forming  molybdous  salts.  It  absorbs 
oxygen  readily  from  the  air :  when  heated  in  contact  with  air  it  takes 
fire,  and  is  converted  into  molybdic  anhydride.  When  heated  out  of 
contact  with  the  air  it  is  converted  into  molybdous  oxide,  insoluble  in 
acids. 

b.  Binoxide  of  Molybdenum.  Molybdic  Oxide.  Broivn  Oxide.  ]\Io-0-. 
—  A  brown  powder,  obtained  by  fusing  an  alkaline  molybdate  with 
chloride  of  ammonium,  and  treating  the  fused  mass  with  water :  or  by- 
reducing  molybdic  anhydride  by  hydrogen,  at  a  moderate  temperature. 
It  is  insoluble  in  acids.    The  hydrate  is  precipitated  by  ammonia  from 
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an  aqueous  solution  of  bichloride  of  molybdenum.  It  is  also  brown, 
soluble  in  acids,  forniin«?  molyhdic  salts :  slightly  soluble  in  water.  _  By 
ignition  out  of  contact  with  the  air,  it  is  converted  into  molybdic  oxide. 

]\Iolybdou3  and  molybdic  salts  resemble  each  other  very  closely  in 
their  reactions.  Both  ibrm  dark-brown  solutions,  which  become  blue  on 
ex])osure  to  the  air,  fiom  which  sulphide  of  molybdenum  is  slowly  pre- 
cipitated by  lujdrosulphuric  acid.  The  best  reagent  for  distinguishing 
theui  is  carbonate  <>/  potassium,  which  precipitates  the  hydrate  both  from 
molybdous  ami  molybdic  salts;  but  in  the  former  case  the  precipitate  is 
ditficultly  soluble  in'excess  of  the  reagent,  while  in  the  latter  it  is  readily 
soluble.  Both  the  lower  oxides  of  molybdenum,  as  well  as  the  sulphide, 
are  converte<l  into  molybdic  anhydride  by  ignition  in  the  air. 

c.  Molybdic  Anhydi-ide,  Mo'^O^.  —  A  white  crystalline  powder,  slightly 
soluble  in  water,  soluble  in  acids  and  in  alkalis.  When  ignited  in  a 
covered  vessel,  it  fuses  to  a  yellow  litjnid,  which  on  cooling  forms  a  light 
yellow  crystalline  mass,  much  less  soluble  in  acids  than  before  ignition. 
When  heated  in  the  air  it  sublimes  at  no  very  high  temperature  into 
crystalline  needles.  It  combines  with  water,  forming  a  white  compound, 
!Rb)-0'ir',  which  has  atid  properties.  This  is  molyhdic  acid:  it  is  hibasic, 
and  combines  with  metals,  forming  a  class  of  salts  called  molyhdates. 
The  alkaline  molybdates  are  soluble  in  water  :  most  others  are  insoluble. 
^Nitric  or  hydrochloric  acid  precipitates  molybdic  acid  from  a  solution 
of  a  molybdate ;  the  precipitate  is  soluble  in  excess  of  acid.  Metallic 
zinc  inunersed  in  the  hydrochloric  acid  solution,  jiroduces  a  blue  colour, 
which  gradually  becomes  green,  and  finally  dark-brown,  owing  to  the 
reduction  of  the  molybdic  acid  to  molybdous  hydrate,  which  remains 
dissolved  in  the  hydrochloric  acid.  Hydrosulphuric  acid  gradually  pre- 
cipitates sulphide  of  molybdenum  from  an  acid  solution  of  molybdic  acid: 
the  supernatant  li(piid  has  a  blue  or  green  colour.  The  same  precipi- 
tate is  produced  when  an  aipieous  solution  of  an  alkaline  molybdate  is 
saturated  with  sulphide  of  anunonium  or  hydrosulphuric  acid,  and  hydro- 
chloric acid  added  to  it.  Chloride  of  tin  gives  with  an  alkaline  molyb- 
date a  greenish-blue  precipitate,  which  hydrochloric  acid  dissolves  to  a 
creen  solution  :  if  verv  little  chloride  of  tin  be  used,  the  solution  is  blue. 
iSiibnitrate  of  mercury  gives  a  yellowish  precipitate,  soluble  in  nitric  acid, 
blackened  by  ammonia,  (c)  AV'hen  molybdate  of  ammonium  is  mixed 
with  a  small  (juantity  of  a  phosphate  or  arsenate,  excess  of  nitric  acid 
added,  and  the  whole  heated,  a  yellow  solution  and  a  yellow  precipitate 
are  formed  (p.  CO). 

Bloicpipe  reactions.  —  Molybdic  anhydride,  when  heated  on  charcoal 
in  the  outer  llame,  is  volatilised,  and  forms  a  white  crystidline  sublimate 
on  the  charcoal;  in  the  inner  flame,  it  may  be  reduced  (even  without 
carbonate  of  sodium)  to  metallic  molybdenum,  which  is  separated  as  a 
grey  powder  on  levigating  the  charcoal.  With  horax  all  oxides  of  molyb- 
denum give,  in  the  outer  flame,  a  bead  which  is  yeUow  when  hot,  and 
colourless  on  cooling:  in  the  inner  flame,  a  dark-brown  bead,  which  is 
op:i(pie  if  excess  of  molybdenum  be  present.  By  long  continued  heat 
the  molybdic  oxide  may  be  separated  as  dark-brown  flakes,  swiniming  in 
a  clear  yellow  glass.    With  microcosmic  salt,  in  the  outer  flame,  all  oxides 
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of  molybdenum  give  a  bead  which  is  greenish  when  hot,  and  colourless 
on  couling :  in  ilie  inner  flame,  a  clear  green  bead,  from  which  molybdic 
oxide  cannot  be  separated  by  continued  heat. 

Separation  and  estimation  of  MoJijbdenwn.  —  For  the  extraction  of 
niolybdic  acid  from  minerals,  various  processes  are  employed.  Sulphide 
of  molybdenum  (molybdenite)  is  converted  into  molybdic  anhydride 
by  ignition  in  an  open  crucible,  placed  in  a  slanting  position  over  the 
lamp,  the  anhydride  is  then  dissolved  out  with  ammonia.  If  the  sulphide 
in  lumps  is  heated  in  an  open  glass  tube,  through  which  a  stream  of  air  is 
drawn  by  an  aspirator,  molybdic  anhydride  sublimes  in  crystals  in  a  state  of 
perfect  purity.  (Wühler.  Ann.  Ch.  Pharm.,' c.)  Molybdate  of  lead  is 
finely  powdered,  and  freed  from  carbonates  of  zinc,  iron,  and  calcium  by 
digestion  with  dilute  hvdroL-hloric  acid,  and  thoroughly  washed  by  decan- 
tation.  It  is  then  heated  with  1}  part  concentrated  sulphuric  acid,  with 
constant  stirring,  till  it  is  perfectly  white,  and  the  sulphuric  acid  begins  to 
evaporate.  It  is  then  allowed  to  cool,  and  a  considerable  quantity  of  water 
added,  and  the  sulpliate  of  lead  which  remains  insoluble  filtered  off.  The 
filtrate  is  mixed  with  nitric  acid,  and  evaporated  with  constant  stirring  in 
a  porcelain  basin,  till  the  sulphuric  acid  begins  to  evaporate,  Avhen  the  mo- 
lybdic acid  separates  as  a  white  powder:  it  is  freed  from  phosphoric  acid 
by  washing  with  water,  to  which  at  the  last  a  few  drops  of  nitric  acid  have 
been  added.  Or  the  mineral,  after  treatment  with  dilute  hydrochloric 
acid,  may  be  evaporated  to  dryness  with  strong  hydrochloric  acid :  the 
dry  residue  (containing  basic  chloride  of  lead  and  molvbdic  acid)  is  ex- 
hausted with  ammonia,  and  the  anmioniacal  solution  crystallised,  or  eva- 
porated as  before  with  nitric  acid,  and  treated  witii  water.  Or  th<.' 
mineral  is  fused  with  its  own  weight  of  calcined  tarti'ate  of  potassium, 
the  fused  mass  exhausted  with  water,  and  the  aqueous  solution  evapo- 
rated to  dryni'ss  after  saturation  with  nitric  acid.  The  nitrate  of  potas- 
sium is  dissolved  out  of  the  residue  with  water,  and  molybdic  acid  remains 
beiiind.  For  the  estimation  of  molybdenum,  the  molybdic  aeid  is  dissolved 
in  dilute  ammonia,  and  the  solution  precipitated  by  subnitrate  of  mercury : 
the  precipitate  is  thoroughly  washed  with  a  dilute  solution  of  the  sub- 
nitrate,  driefl,  and  ignited  at  a  moderate  heat  in  a  stream  of  hydrogen, 
when  it  is  reduced  to  brown  binoxide  of  molybdenum,  Mo'O",  and  weighed 
in  that  form. 

There  is  so  close  a  resemblance  between  the  reactions  of  molybdenum 
and  wolfram  compounds,  that  their  distinction  is  attended  with  some 
difhculty.  Molybdic  acid  is  distinguished  from  tungstic  acid  by  its  fusi- 
bility and  volatility,  and  by  its  solubility  in  excess  of  acid  when  precipitated 
by  nitric  or  liydrochloric  acid  from  an  alkaline  solution.  For  the  separa- 
tion of  the  two  acids  Kose  gives  the  following  method.  Tartaric  acid  is 
added  to  the  alkaline  solution  of  the  two  acids,  and  the  whole  saturated 
with  hydrochloric  acid.  The  molybdenum  is  then  precipitated  as  sulphide 
by  repeated  saturation  with  hydrosulphuric  acid  (a  long  and  difficult 
process),  the  sulphide  filtered  off,  and  gently  ignited  in  a  stream  of  hydro- 
gen till  it  no  longer  loses  weight.  It  is  then  in  the  form  of  bisulphide, 
jVIo^S'^,  and  is  weighed  as  such.  The  filtrate  is  evaporated  to  dryness 
and  the  residue  ignited  in  the  air :  if  the  residue  be  at  all  black  (owing 
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to  the  carbon  of  the  tartaric  acid  not  boinp:  entirely  burnt)  it  must  be 
fuseU  with  a  little  nitrate,  and  excess  of  carbonate,  ot]  potassium.  The 
fused  mass  is  dissolved  in  water,  the  tun^stio  acid  precipitated  by  subni- 
trate  of  mercury,  ignited,  and  wei-jhed.  The  same  process  winch  etlects  the 
separation  of  aittiinoii!/  from  arsenic  and  tin,  serves  also  for  its  separation 
from  wolfram  and  molybdenum,  the  alkaline  tunjistates  and  molybdates 
bein^  solulile  in  water.  From  arsenic  they  are  separated  by  con- 
verting tlie  arsenic  into  arsenic  acid,  and  precipitating  it  by  a  magnesium- 
salt. 

9.  Vanadium.    V.    Atomic  weight,  G8  o. 

Occurs  as  vanadate  of  lead  in  the  brown  lead-ore  from  Zimapan :  in  small 
quantities  in  many  iron-  and  copper-ores,  and  in  the  slags  from  blast- 
furnaces. It  is  a  white  hard  metal,  tiiat  may  be  reduced  to  an  iron-grey 
powder.  It  is  not  oxidised  by  exposure  to  moist  air  at  the  ordinary  tem- 
perature, but  acquires  a  reddish  tint.  Heated  in  the  air  it  burns  vividly, 
and  is  converted  into  black  oxide,  V-O".  It  is  not  attacked  by  sulphuric, 
hydrochloric,  or  hydrothioric  acid:  nitric  acid  and  aqua-regia  dissolve  it 
readily,  forming  a  light-blue  solution. 

OxioKS  OF  Vanadium.  Protoxide,  Y'O.  Binoxide,  Y'O'.  Vanadic 
Anhydride,  V'-0■^  —  Like  wolfram  and  molybdenum,  vanadium  forms  one 
or  more  oxides  intermediate  between  V'-Ö'  and  V^O^  which  are  soluble 
in  water  with  a  blue,  green,  or  orange-red  colour. 

a.  Protoxide  of  Vanadium.  Vanadous  Oxide.  V^O. —  A  black  powder, 
obtained  by  heating  vanadic  .anhydride  in  a  stream  of  hydrogen.  When 
heated  in  the  air  it  is  converted  into  binoxide.  It  does  not  combine 
either  with  acids  or  alkalis ;  but  on  digestion  with  nitric  aci<i  or  potash 
it  al)sorbs  oxygen  and  is  dissolved,  in  the  former  case  giving  a  light  blue 
solution,  in  the  latter,  a  solution  of  vanadate  of  potassium. 

b.  Binoxide  of  Vanadium.  Vanadic  Oxide.  Vanadous  Anhydride. 
V'-O^  —  A  black  earthy  powder,  obtained  by  heating  vanadium  or  the 
j)rotoxi<le  in  contact  with  air.  It  is  slowly  but  perfectly  soluble  in  acids, 
forming  r'ayiudium- salts ;  their  solutions  are  blue,  and  by  exposure  to  the 
air  .al)sorb  oxygen  and  become  green.  It  is  also  soluble  in  fixed  aikalis, 
ibrming  i:anadites.  Vanadium-salts  give  the  following  reactions.  Hy- 
drosidphvric  acid  gives  no  precipitate  in  a  neutral  or  acid  solution.*  Sul' 
phide  of  ammonium  gives  a  black-brown  precipitate,  soluble  in  excess  to 
a  dark  purple-red  solution,  whence  brown  sulphide  of  vanadium  is  pre- 
oifiitated  by  a  dilute  acid.  Ferrocijanide  of  potassium  give  a  yellow  pre- 
cipitate, insoluble  in  acids,  which  turns  green  by  exposure  to  the  air. 
Gallic  ac<(/ gives  a  black  precipitate,  which  settles  slowly,  leaving  a  bluisli 
solution.  The  fixed  alkalis  and  their  normal  carbonates  give  a  greyish- 
white  precipitate  of  hydrate,  soluble  in  moderate  excess,  reprecipitated 
by  a  large  excess  as  an  alkaline  vanadite.  Ammonia  gives  a  brown  pre- 
cipitate, somewhat  soluble  in  water,  insoluble  in  water  containing  ammonia. 

*  Thoii.udi  vanadium,  like  wolfram,  is  not  precipitated  from  an  acid  solution 
by  hydrosuiphurie  acid,  it  is  nevertheless  included  in  this  group,  because  its 
sulphide  is  soluble  in  sidphide  of  ammonium,  forming  a  sulpho  salt,  and  is 
precipitated  from  tiiis  solution  by  hydrociiloric  acid. 
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Only  the  alkaline  vanadites  are  soluble  in  water.  Their  solution  gives 
■with  sulphide  of  ammonium  a  fine  purple-red  colour,  owinji  to  the  formation 
of  a  soluble  sulpho-salt.  By  acids  they  are  coloured  blue,  owing  to  the 
formation  of  a  double  salt  of  vanadium  and  the  alkaline  metal.  Insoluble 
vanadites,  when  moistened  with  water,  rapidly  become  green,  being  con- 
verted into  vanadates. 

c.  Vunadic  Anhydride^  VO^.  —  A  red  powder,  obtained  by  the  igni- 
tion of  vanadate  of  ammonium.  It  is  fusible,  non-volatile,  and  does  not 
lose  oxygen  at  a  white  heat.  It  is  slightly  soluble  in  water  :  the  solution, 
which  contains  vanadic  acid,  reddens  litmus  stronglv.  It  dissolves  both 
in  acids  and  alkalis,  in  the  former  case  forming  vanadic  salts,  in  the  latter, 
vanadates.  Its  solution  in  acids  is  generally  red  or  yellow  :  it  is  very 
easily  reduced  by  hydrosnlphuric,  sulphurous,  or  oxalic  acid,  sugar,  alcohol, 
and  many  other  organic  compounds,  the  solution  being  coloured  blue. 
Sulphide  of  ammonium  precipitates  brown  sulphide,  soluble  in  alkaline 
sulphides,  or  caustic  alkalis,  to  a  purple-red  solution,  whence  light-brown 
sulphide  of  vanadium  is  precipitated  by  dilute  acids.  Ferrocyanide  of 
potassium  gives  a  green  precipitate,  insoluble  in  acids. 

Vanadates  are  mostly  soluble  in  water,  all  in  nitric  acid.  Alkaline 
vanadates  are  diflicultly  soluble  in  water  containing  free  alkali  or  an 
alkaline  salt :  thus  vanadate  of  ammonium  is  insoluble  in  a  saturated 
solution  of  chloride  of  ammonium.  Aqueous  solutions  of  vanadates  are 
coloured  red  by  stronger  acids,  but  the  colour  frecjuently  disappears  after 
a  time.  Hydrosrdphxiric  acid  in  neutral  solutions  gives  a  mixed  precipitate 
of  sidphur  and  bihydrate  of  vanadium  :  in  acid  solutions,  it  separates 
sulphur  and  gives  a  blue  solution.  Sulphide  of  amrnonium  behaves  as 
with  vanadic  salts.  Terchloride  of  antimony,  lead-salts,  protosalts  of  copper 
and  of  mercury,  give  orange-red  precipitates.  A'anadates  of  a  fixed  base 
are  not  decomposed  by  heat. 

Bloicpipe  reactions. —  When  vanadic  anhydride  is  heated  on  charcoal 
in  the  inner  flame,  it  is  reduced  to  protoxide.  With  horax  and  mia'ocos- 
mic-salt,  all  oxides  of  vanadium  give  in  the  outer  flame  a  clear  colourless 
bead,  which  is  yellowish  if  a  large  amount  of  the  vanadium  compound  be 
present:  in  the  inner  flame  a  green  bead,  which,  if  a  large  amount  of  the 
vanadium  compound  be  present,  is  brown  while  hot,  and  becomes  green  on 
cooling.  On  heating  the  green  bead  in  the  outer  flame,  it  becomes  colour- 
less or  slightly  yellow.  A  blue  bead  cannot  be  obtained  belbre  the  blow- 
pipe with  an  oxide  of  vanadium. 

Separation  and  estimation  of  Vanadium.  —  To  extract  vanadium  from 
iron-ore,  the  powdered  mineral  is  fused  for  an  hour  at  a  red  heat  with 
one  third  its  weight  of  nitrate  of  potassium,  the  fused  mass  when  cool 
boiled  with  water  and  filtered.  The  filtrate,  which  is  yellow,  contains 
vanadate,  Chromate,  phosphate,  nitrite,  and  silicate  of  potassium  and 
aluminium  :  it  is  nearly  neutralised  with  nitric  acid,  the  precipitated  silica 
and  alumina  filtered  off',  and  the  filtrate  precipitated  with  excess  of  chloride 
of  barium.  The  precipitate  (of  vanadate,  Chromate,  and  phosphate  of 
barium)  is  washed,  boiled  while  moist  with  dilute  sulphuric  acid,  and 
filtered.  The  reddish-yellow  acid  filtrate  is  neutralised  with  ammonia, 
concentrated  by  evaporation,  and  a  fragment  of  chloride  of  ammonium 
jilaced  in  it,  when  vanadate  of  ammonium  gradually  separates  as  a  yellow 
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crystalline  powder,  which,  on  ignition,  leaves  vanadic  anhydride.  Or  the 
yellow  solution  may  be  at  once  reduced  by  sulphurous  acid,  neiitrali.sed 
"by  ammonia,  the  precipitated  oxides  tligested  in  sulphide  of  aniinonium, 
and  the  sulphide  of  vanadium  precipitated  from  the  solution  bv  dilute  sul- 
phnricacid:  fusion  with  nitre  then  cimverts  it  into  vanadate  of  potassium. 

Va)uulate  of  lead  is  not  completely  decomposed  by  sulphuric  acid :  a 
complete  separation  is  however  effected  by  fusion  with  acid  sulphate  of 
potassium,  and  treating  the  fused  mass  with  warm  water,  when  all  the 
lead  remains  as  sulphate,  while  all  the  vanadium  is  dissolved  as  vanadate 
of  potassium. 

Vanadium  is  separated  from  all  the  preceding  metals,  except  wolfram, 
by  its  non-precLpitation  by  hydrosulphuric  acid  from  an  acid  solution  : 
from  most  of  those  in  the  next  group,  by  the  solubility  of  its  sulphide 
in  sulphide  of  ammonium. 

Vanadium  is  estimated  as  protoxide,  obtained  by  igniting  vanadic  anhy- 
dride in  a  stream  of  hydrogen.  To  obtain  vanadic  acid  from  vanadous 
salts,  vanadite  of  mercury  is  precipitated  by  adding  excess  of  chloride  of 
mercury  and  then  ammonia  :  the  precipitate,  after  ignition,  consists  of 
vanadic  acid  and  a  little  oxide  of  mercury,  from  which  it  is  freed  by 
solution  in  carbonate  of  ammonium.  From  vanadates  vanadic  anhydride 
may  be  obtained  by  combining  it  with  ammonia,  and  precipitating  the 
vanadate  of  ammonium  by  chloride  of  ammonium,  as  above  described. 

10.  Tellurium.    Te.    Atomic  weight,  128. 

Found  native;  also  as  sulphide  of  tellurium  :  also  in  combination  with 
gold,  silver,  lead,  and  bismuth.  Tellurium  much  resembles  antimony  in 
appearance,  being  bluish-white,  brittle,  antl  easily  powdered.  It  is  easily 
fusible,  and  may  be  volatilised  when  heated  strongly  out  of  contact  with 
air.  When  heated  in  the  air  it  burns  with  a  blue  flame,  forminfr  white 
vapours  of  tellurous  anhydride,  TeO*.  It  is  insoluble  in  hydrochloric 
acid  :  soluble  in  nitric  acid,  forming  tellurous  anhydride  :  soluble  in  sul- 
phuric acid,  forming  an  amethyst-red  solution,  which  is  decolorised  by 
heat,  and  from  which  water  precipitates  metallic  tellurium.  Chlorine 
does  not  attack  tellurium  in  the  cold  :  when  heat  is  applied,  it  forms  either 
white  perchloride,  TeCl*  or  black  chloride,  TeCP,  according  to  the  pro- 
portions of  chlorine  and  tellurium  employed. 

Oxides  of  Tellurium.  Tellurous  Anhydride,  T^O"^.  Telluric  Anhy- 
dride, TeC)^. 

a.  Tellurous  Anhydride.  Telluric  Oxide.  TeO". —  A  white  crystalline 
body,  which  separates  gradually  from  a  solution  of  tellurium  in  concen- 
trated nitric  acid.  It  is  almost  insoluble  in  water,  acids,  ammonia,  or 
alkaline  carbonates  ;  soluble  in  potash  and  soda.  When  heated  it  melts 
to  a  yellow  liquid  :  it  may  be  volatilised,  but  requires  a  higher  tempera- 
ture than  metallic  tellurium.  It  has  acid  properties,  combining  with 
water  to  form  tellurous  acid,  TeO-'II'-.  This  acid  is  precipitated  as  a  white 
amorphous  body,  when  a  freshly  prepared  solution  of  tellurium  in  nitric 
acid,  or  when  perchloride  of  tellurium,  is  treated  with  water.  It  is  some- 
what soluble  in  water,  readily  soluble  in  acids  :  its  hydrochloric  acid 
solution  when  concentrated  has  a  yellow  colour;  its  nitric  acid  solution 
deposits  tellurous  anhydride  on  heating.    The  alkaline  tellurites  are 
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soluble  in  water,  most  others  are  insoluble  ;  they  are  generally  soluble  in 
strong  hydrochloric  acid,  and  from  this  solution  water  precipitates  tel- 
lurous  acid,  unless  an  excess  of  hydrochloric  acid  be  present.  In  this 
reaction  tellurium  resembles  antimony  and  bismuth.  When  a  tellurite 
is  heated  witli  charcoal  and  carbonate  of  potassium,  it  is  reduced  to  tel- 
luride  of  potassium,  TeK'^  which  produces  a  black  stain  on  a  moist  silver 
plate,  and  is  soluble  in  water,  forming  a  dark  red  solution.  When  a  mineral 
acid  is  added  to  this  solution,  Injdi'otelluric  acid.,  TeH",  is  evolved,  a  gas 
resembling  hydrosulphuric  acid  in  smell,  soluble  in  water  to  a  pale-red 
solution,  which  on  contact  with  the  air  becomes  dark-red,  and  deposits 
metallic  tellurium.  A  solution  of  tellurous  acid  in  a  mineral  acid  is  pre- 
cipitated by  water.  Caustic  alkalis.,  and  alkaline  carbonates  give  a  white 
precipitate,  soluble  in  excess.  Hydrosidphuric  acid  precipitates  bi*own 
bisulphide,  TeS^,  readily  soluble  in  sulphide  of  ammonium.  SulpliU7'ovs 
acid,  or  alkaline  sulphites,  give  a  black  precipitate  of  metallic  tellurium, 
especially  on  heating:  the  more  concentrated  the  solution  the  more  com- 
plete is  the  reduction.  The  same  reduction  is  effected  by  chloride  of  tin, 
and  metallic  zinc. 

b.  Telluric  Anhydride.  TeO^. — A  yellow  crystalline  mass,  obtained 
by  carefully  heating  telluric  acid,  TeO^H^.  It  is  insoluble  in  water, 
cold  hydrochloric  acid,  boiling  nitric  acid,  or  a  boiling  dilute  solution 
of  potash.  At  a  temperature  very  little  above  that  required  for  its 
complete  dehydration,  telluric  anhydride  is  decomposed  into  oxygen  and 
tellurous  anhydride.  Telluric  acid  is  prepared  by  fusing  tellurous 
acid  with  nitrate  of  potassium,  converting  the  resulting  tellurate  of 
potassium  into  the  barium-salt,  and  precipitating'  the  barium  by  sul- 
I)huric  acid.  It  forms  large  colourless  crystals,  which  are  gradually 
soluble  in  water,  insoluble  in  absolute  alcohol :  its  aqueous  solution  is 
not  precipitated  by  acids.  The  alkaline  tellurates  only  are  soluble 
in  water.  All  tellurates  may  be  dissolved  in  cold  hydrochloric  acid, 
without  decomposition  ;  the  solution  is  not  precipitated  by  water,  as 
long  as  the  least  excess  of  hydrochloric  acid  is  present.  On  boiling 
the  solution,  chlorine  is  evolved,  and  tellurous  acid  precipitated,  which 
requires  a  considerable  excess  of  hydrochloric  acid  Ibr  its  solution. 
(Distinction  of  telluric  from  tellurous  acid.)  AVith  a  neutral  solution  of 
a  tellurate,  chloride  of  barium  gives  a  white  precipitate  of  tellurate  of 
barium,  soluble  in  nitric  or  hydrochloric  acids.  With  sulphurous  and  hi)- 
drosidphuric  acids,  acid  solutions  of  tellurates  behave  like  those  of  tel- 
lurites. Tellurates  also  behave  like  tellurites  when  fused  wiih  charcoal 
and  (tarbonate  of  potassium.  Tellurates,  when  ignited,  lose  oxygen,  and 
are  converted  into  tellurites. 

Blowpipe  reactions. — All  compounds  of  tellurium  are  easily  reduced 
on  charcoal  in  the  inner  flume  ;  the  reduced  metal  is  volatilised,  and 
forms  a  white  deposit  of  tellurous  anhydride  on  the  charcoal.  With 
borax  and  micrGcosndc  salt,  tellurous  acid  gives  a  clear  colourless  bead, 
which,  heated  on  charcoal,  is  rendered  grey  and  opaque  by  the  reduced 
metal.  The  oxides  of  antimony  and  bismuth,  when  reduced  on  charcoal 
in  the  inner  flame,  give  white  incrustations  of  antimonic  and  bismuthic 
oxides,  which  may  be  confounded  with  tellurous  anhydride.  They  are, 
however,  easily  distinguished  in  the  following  manner.    When  heated  in 
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the  inner  (lame,  antimonic  oxide  gives  a  bluish  tinge,  tell urous  anhydriile 
a  fine  green  colour,  to  the  outer  flame.  When  heated  in  a  tube  oi)en  at 
both  amU,  tellurous  anhydride  volatilises  entirely,  tbnniiig  a  white  sub- 
limate on  the  cool  part  of  the  tube,  which,  by  careful  heating,  may  be 
fused  to  colourless  drops.  Antimonic  oxide  is  only  partially  volatilised, 
being  partly  converted  into  non-volatile  Slj'O**:  the  sublimate  may  be 
driven  hither  and  thither  in  the  tube  by  heat,  but  does  not  fuse  into 
drops.  Bi^mutliic  oxide,  when  similarly  treated,  gives  scarcely  any  sub- 
limate, but  melts  to  a  dark-brown  fluid,  which  becomes  pale-yelluw  on 
cooling,  and  corrodes  the  glass. 

Separation  and  estimation  of  T dlurinm. — The  principal  minerals  in 
which  tellurium  is  found,  aregraptuc  and  foliated  tellurium,  and  telluride 
of  bismuth.  The  two  tbrmer  contain,  besides  tellurium,  gold,  silver,  lead, 
traces  of  other  metals,  and  sulphur.  The  following  are  the  processes 
adopted  for  the  separation  of  tlie  tellurium.  The  powdered  mineral  is 
first  freed  from  all  its  constituents  that  are  soluble  in  dilute  hydrochloric 
acid,  and  then  digested  in  aqua-regia,  which  must  only  contain  as  much 
nitric  acid  as  is  absolutely  necessary.  AA'hen  the  nuvss  has  become  wiiite, 
sulphuric  and  tartaric acitls are  adiled,  theformer  to  precipitate  all  the  lead, 
the  latter  to  prevent  the  preci])itation  of  the  tellurous  acid:  twice  the 
volume  of  water  is  then  added,  and  the  sulphate  of  lead  fdtered  off.  The 
gold  is  then  precipitated  from  the  fdtrate  by  protosulj)hate  of  iron,  and 
filtered  oil':  the  filtrate  concentrated,  and  the  tellurium  precipitated  from 
it  by  an  alkaline  sulphite.  Or  the  mineral,  alter  treatment  with  ddute 
hydrochloric  acid,  is  mixed  with  2  parts  acid  sul])hate  of  potassiuni, 
and  the  mixture  projected  by  degrees  into  6  parts  acid  sulphate  of 
potassium,  which  is  maintained  in  a  state  of  fusion  in  a  Hessian  crucible. 
When  the  fused  mass  is  quite  white,  it  is  poured  off  from  the  gold,  which 
has  settled  at  the  bottom  of  the  crucible,  dissolved  in  water  containing 
sulphuric  acid,  filtered  from  the  sidphate  of  h  ad,  the  silver  precipitated 
from  the  filtrate  by  hydrochloric  acid  and  filtered  off,  and  the  tellurium 
precipiiate<l  by  an  alkaline  suli)hite.  Telluride  of  bismuth  is  intinuitely 
mixed  with  three  times  its  weight  of  calcined  cream  of  tartar  (acid 
tartrate  of  potassium),  and  exjxised  to  a  red  heat  in  a  closed  crucible  for 
an  iiour,  when  telluride  of  potassium  is  formed,  and  bismuth  separated. 
The  former  is  dissolved  out  by  water  which  lias  been  fi-eed  from  air  bv 
boiling,  and  the  dark-red  solution  gradually  deposits  all  the  tellurium  ou 
exposure  to  the  air.  Tellurium  is  separated  fi-om  tiiose  metals  whose 
chlorides  are  not  volatile,  by  ignition  in  a  stream  of  chlorine.  Tellnriuui 
is  separated  from  arsenic,  antimony^  and  tin  by  means  of  an  alkaline  sul- 
phite, which  does  not  reduce  any  of  these  three  metals. 

II.  Selenium.    Se.    Atomic  weight,  79. 

Found  native  :  also  as  selenide  of  copper,  iron,  lead,  mercury,  silver, 
and  other  metals.  It  also  occurs  in  many  sf)ecimens  of  pyrites,  which  are 
used  fiu"  the  manufacture  of  sulphuric  acid  on  a  large  scale;  hence  a 
seleniferous  deposit  is  formed  in  the  leaden  chambers  in  which  the  acid 
is  pre[)ared.  it  is  abrittle  dark-brown  metal,  with  a  dark-grey  fracture  ; 
in  a  finely  divided  state  it  is  of  a  dark-red  colour.    It  is  very' easily  fusible, 
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and  may  be  drawn  out  into  long  threads,  like  sealing-wax  :  when  further 
heiited  out  of  contact  with  air,  it  volatilises,  forming  a  yellow  vajjour. 
When  heated  in  the  air  it  burns  with  a  reddish-blue  ilame,  forming 
selenons  anhydride,  SeO^  and  giving  olF  a  characteristic  smell  resem- 
bling that  of  iiorseradish.  It  is  soluble,  not  very  readily,  in  nitric;  acid 
and  aciua-regia,  selenous  acid  being  formed.  It  is  insoluble  in  hydro- 
chloric and  dilute  sulphuric  acids  :  concentrated  sulphuric  acid  dissolves 
it,  forming  a  fine  green  solution,  whence  water  precipitates  selenium  as  a 
dark-red  powder.  It  is  somewhat  soluble  in  potasli,  forming  a  dark-red 
solution.  When  heated  in  a  stream  of  chlorine,  liquid  chloride,  SeCP,  or 
solid  perchloride,  SeCi',  is  formed,  according  to  the  proportions  of 
chlorine  and  selenium  employed.  When  fused  with  metals  it  forms 
metallic  selenides,  closely  analogous  to  metallic  sulphides.  When  a 
metallic  selenide  is  heated  in  an  open  glass  tube,  a  sublimate  of  selenium 
is  obtained. 

Oxides  of  Selenium.    Selenous  Anhydride,  SeO'.    Selenic  Anhydride, 
SeO^ 

a.  Selmous  Anhydride,  Seü'^.  —  Sublimes  in  white  crystalline  needles 
when  selenium  is  heated  in  a  stream  of  oxygen,  or  when  a  solution  of 
selenium  in  nitric  acid  or  acjua-regia  is  heated,  after  the  nitric  and  hydro- 
chloric acids  have  been  distilled  off".  It  is  volatile ;  its  vapour  has  no 
smell  of  horseradish.  It  is  readily  soluble  in  water,  forming  SeO^IP, 
selenous  acid,  which  may  be  crystallised  from  the  aepieous  solution.  It  is 
also  soluble  in  alcohol.  The  normal  alkaline  selenites  are  soluble  in 
water  ;  most  others  are  insoluble  ;  all  acid  selenites  are  soluble  (Rose). 
Selenites  are  not  decomposed  when  heated  with  hydrochloric  acid,  and  no 
chlorine  is  evolved.  Hydrosulphuric  acid  gives  with  an  acid  solution  of 
a  selenite  (or  with  a  solution  of  selenous  acid),  a  lemon-yellow  precipitate 
of  bisulphide  of  selenium,  SeS",  readily  soluble  in  sulphide  of  ammonium. 
Metallic  selenium  is  reduced  as  a  red  powder  from  a  solution  of  selenous 
acid  or  a  solution  of  a  selenite  acidulated  with  hydrochloi  ic;  acid,  by 
alkaline  sidphites,  chloride  of  tin,  metallic  zinc  and  iron:  but  not  hy  proto- 
sulphate  of  iron.  The  reduction  is  facilitated  by  heat,  wdien  the  reduced 
metal  becomes  black.  ^V^len  a  solid  selenite  is  heated  with  chloride  of 
ammonium  out  of  contact  with  the  air,  a  sublimate  of  metallic  selenium 
is  obtained. 

b.  Selenic  Anhydride,  SeO'. — This  compound  has  never  been  obtained. 
An  aqueous  solution  of  selenic  acid,  SeO^IP,  can  be  obtained  from  tlie 
selenate  of  potassium  which  is  formed  by  the  fusion  of  selenium  or  a 
selenite  with  nitrate  of  potassiinn.  Selenic  aci<l  cannot  be  obtained 
in  a  state  of  perfect  purity  ;  for  when  its  aqueous  solution  is  concentrated 
by  evaporation,  it  is  decomposed  above  280°  into  oxysen  and  selenous 
acid,  before  all  the  water  can  be  driven  off  (Gmelin).  Tlie  concen- 
trated aqueous  solution  is  transparent,  colourless,  and  strongly  acid. 
The  selenates  are  very  stable  salts,  and  closely  analogous  to  the  sulphates. 
Thev  ai'e  all  soluble  in  water,  except  those  of  barium,  sti  ontium,  calcium, 
and  lead,  which  are  insoluble  in  water  or  cold  dilute  acids.  When  a 
selenate  is  boiled  with  hydrochloric  acid,  chlorine  is  evolved,  and  the  salt 
is  converted  into  a  selenite  (distinction  of  selenic  from  selenous  acid). 
Hence  an  indigo  solution  is  decolorised  when  heated  with  a  selenate  and 
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hyilrochloric  or  sulphuric  acid.  An  acid  solution  of  a  selenate  is  not 
pt-ccii)itatcd  by  hijdrosidphuric  *  or  sulphurous  acid,  unless  it  lias  been 
previously  decomposed  by  boiliuir  with  hydrochloric  acid.  With  nitrate 
of  barium,  a  solution  of  a"  selenate  «jives  a  white  precipitate  of  selenate  of 
barium,  insoluble  in  water  and  dilute  acids  :  boiling  hydrochloric  acid 
dissolves  it,,  by  decomposing  it  into  soluble  selenite.  Selenates  behave 
like  selenites  when  heated  with  chloride  of  ammonium. 

Blowpipe  reactions.  —  All  selenium  compounds  when  heated  with 
carbonate  of  sodium  on  charcoal  in  the  inner  flame,  may  be  at  once 
recognised  by  their  characteristic  smell  of  hoiseradish.  They  evolve  the 
same  smell  when  heated  with  microcosmic  salt  on  charcoal.  If  a  small 
quantity  of  a  selenite  or  selenate  be  added  to  a  clear  bead  of  silica  and 
carbonate  of  sodium,  and  the  whole  heated  on  charcoal  in  the  inner  flame, 
the  bead  is  coh)ured  dark-red  by  reduced  selenium  :  the  colour  disappears 
on  contiiuied  heating.  The  residue  of  the  reduction  of  selenium  com- 
])Ounds  bv  carbonate  of  sodiuui,  is  selenide  of  sodium  ;  if  it  be  placed  on  a 
clean  silver  surface  and  moistened  with  a  drop  of  water,  a  black  stain  is 
produced  on  the  silver.  Heated  with  acids  it  evolves  kydroselenic  acid. 
Sell'-,  analogous  to  hydrosulphuric  acid :  it  is  an  inflannnable,  fetid, 
poisonous  gas,  very  soluble  in  water,  from  which  solution  metallic  sele- 
nium gradually  separates  on  exposure  to  the  air.  It  precipitates  selenides 
from  many  metallic  salts. 

Separation  and  estimation  of  Selenium.  —  For  the  analysis  of  the  sele- 
niferous  deposit  in  sulphuric  acid  chambers,  which,  besides  selenium, 
contains  selenide  of  mercury,  selenites  and  selenates,  sulphate  of  lead, 
silica,  &:c.,  the  Ibllowing  method  is  adopted  :  —  The  substance  is  mixed 
with  about  ^  its  weight  of  nitrate  of  potassium,  and  heated  with  a  mix- 
ture of  ecpnil  parts  of  sulphuric  acid  and  water,  till  all  the  free  nitric  acid 
is  expelled  and  the  substance  has  lost  its  red  colour.  Water  is  then 
added,  and  the  whole  filtered.  The  filtrate  (which  contains  all  the  sele- 
nium as  selenites  and  selenates,  copper,  iron,  mercury,  and  some  lead) 
is  boiled  with  as  much  chloride  of  sodium  as  amounts  to  half  the  weight 
of  the  original  substance,  in  order  to  reduce  the  selenic  to  selenous  acid  : 
the  solution,  when  cold,  is  poured  off  from  the  residue,  and  saturated  with 
sulphurous  anhydride,  which  separates  the  selenium  ;  the  separation  is 
facilitatetl  by  boiling  the  solution  for  a  short  time.  The  mother-liquid  is 
again  boiled  with  hydrochloric  acid,  and  saturated  with  sulphurous  an- 
hyilride,  when  a  fresh  precipitate  of  selenium  is  generally  obtained.  The 
selenium  thus  reduced  contains  some  iron,  copper,  lead,  and  mercury. 
From  the  three  former  metals  it  is  freed  by  distillation,  they  bein<»'  left 
behind  as  selenides  :  from  the  latter  by  solution  in  aqua-regia,  saturation 
(after  the  free  acid  has  been  expelled)  by  carbonate  of  sodium,  evapora- 
tion to  dryness  and  ignition  of  the  residue.  The  residue  is  then  dissolved 
in  water,  boiled  with  hydrochloric  acid,  and  precipitated  by  sulphurous  acid. 

The  amount  of  selenium  in  selenide  of  lead  is  determined  by  heating 
the  mineral  in  a  stream  of  cidorine,  when  the  selenium  volatilises  as 
chloride  and  perchloride,  while  chloride  of  lead  remains  behind.  The 

*  If  the  base  of  tlie  selenate  be  a  metal  of  this  group,  it  is  precipitated  as 
sulphide  by  hydrosulphuric  acid. 
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chlorides  of  selenium  are  collected  in  water  and  saturated  with  chlorine, 
to  convert  all  the  selenous  into  selenic  acid,  which  is  precipitated  by 
nitrate  of  barium  as  selenate  of  barium,  dried,  and  weighed. 

Selenium  is  separated  together  with  tellurium  from  arsenic,  antimony, 
and  tin,  by  means  of  an  alkaline  sulphite.  To  separate  it  from  tellurium 
the  reduced  metals  are  oxidised  bv  nitric  acid  or  aqua-regia  in  excess, 
excess  of  carbonate  of  sodium  added,  the  whole  evaporated  to  dryness, 
and  the  residue  fused.  It  is  then  dissolved  in  water,  and  nitrate  of 
barium  added,  when  all  the  selenium  is  precipitated  as  selenate  of  barium, 
while  tellurate  of  barium  remains  dissolved  (Hose). 

Group  I.— Subdivision  B. 
1.  Ijead.    Pb.    Atomic  weight,  103  Ö. 

Occurs  cliiefly  as  galena,  or  sulphide  of  lead :  also  as  car- 
bonate  and  other  oxygen  salts,  in  which  lead  is  the  base.  It  is 
of  a  bluish-grey  colour  and  strong  metallic  lustre:  extremely  soft 
and  malleable.  It  is  not  afTected  by  exposure  to  dry  air ;  in 
moist  air  it  becomes  covered  with  a  grey  film.  When  heated  to 
fusion  (325°)  in  the  air,  the  yellow  oxide,  Pb^O,  forms  on  the 
surface.  Pure  water  in  contact  with  air  dissolves  a  certain  por- 
tion of  lead  in  the  form  of  hydrate :  the  presence  of  carbonic 
acid  in  the  water  prevents  this  solution.  Lead  is  not  dissolved 
by  hydrochloric  or  sulphuric  acid  in  the  cold,  and  very  slightly 
on  heating:  nitric  acid  dissolves  it  readily,  especially  when  some- 
what dilute.  Heated  in  chlorine,  lead  is  converted  into  chloride, 
PbCl.    Out  of  contact  with  air  lead  is  volatile  at  a  white  heat. 

Oxides  of  Lead.    Oxide,  Pb^O.    Bi7ioxide,  Pb^O-. 

a.  Oxide  of  Lead.  Plumbic  Oxide.  Pb^O. — A  yellow  powder, 
which  becomes  somewhat  darker  when  heated;  obtained  by  fusing 
lead  in  contact  with  air,  or  by  igniting  the  hydrate,  carbo- 
nate, oxalate,  or  nitrate  of  lead.  It  is  somewhat  soluble  in  pure 
water ;  the  solution  is  alkaline  to  litmus,  and  highly  poison- 
ous :  it  is  insoluble  in  Avater  containing  carbonic  acid,  a  sulphate, 
or  a  chloride.  Its  best  solvents  are  nitric  and  acetic  acids. 
Lead-salts  of  uncoloured  acids  are  colourless  :  the  solutions  of  nor- 
mal salts  redden  litmus :  it  has  a  great  tendency  to  form  basic 
salts,  whose  solutions  are  alkaline  to  test-paper.  Hydrosulphiiric 
acid  and  sulphide  of  ammonium  give  with  lead-salts  a  black  preci- 
pitate of  sulphide,  Pb^S,  insoluble  in  dilute  acids,  alkalis,  and 
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alkaline  sulphides,  converted  into  sulphate  by  strong  nitric  acid. 
If  a  large  excess  of  hydrochloric  acid  be  present,  the  precipitate 
is  reddish-brown,  consisting  of  a  mixture  of  sulphide  and  chloride 
of  lead.  Insoluble  lead-salts  are  converted  into  sulphide  by  diges- 
tion with  sulphide  of  ammonium,  and  the  acid  with  Avhich  the  lead 
was  conibined  is  found  in  the  filtrate,  unless  it  be  an  acid  Avhich 
is  itself  decomposed  by  sulphide  of  ammonium,  e.g.  chromic  acid. 
Hydrochloric  acid  and  soluble  chlorides  give  with  a  not  too  dilute 
solution  of  lead-salts,  a  white  precipitate  of  chloride,  PbCl, 
soluble  in  a  large  (quantity  of  Avater,  especially  on  boiling,  and 
separating  from  the  solution  on  cooling  in  crystalline  needles  : 
it  is  soluble  when  heated  with  strong  hydrochloric  acid,  less 
soluble  in  dilute  hydrochloric  acid,  insoluble  in  alcohol,  soluble 
in  potash,  and  is  not  changed  at  all  by  ammonia.  Sulphuric  acid 
and  soluble  snlpho/es  give,  even  in  very  dilute  solutions  of  lead- 
salts,  a  white  precipitate  of  sulphate,  SO^Pb^,  almost  entirely 
insoluble  in  water,  insoluble  in  cold  dilute  acids,  soluble  in  boiling 
dilute  hydrochloric  acid,  from  which  solution  chloride  of  lead 
crystallises  on  cooling;  soluble  in  potash,  and  in  tartrate  or 
acetate  of  ammonium  with  excess  of  ammonia,  from  which  solu- 
tion the  lead  is  precipitated  by  sulphuric  acid,  sulphide  of  ammo- 
nium, or  Chromate  of  potassium:  also  more  or  less  soluble  in 
solutions  of  many  other  salts.  When  boiled  with  carbonate  of 
sodium  it  is  entirely  converted  into  carbonate  of  lead,  (c)  Iodide 
of  potassium  gives  a  yellow  precipitate  of  iodide,  Pbl,  soluble  in 
excess  of  the  reagent :  it  is  also  soluble  in  a  large  quantity  of 
boiling  water,  and  separates  on  cooling  in  beautiful  gold-yellow 
scales.  Cyanide  of  potassium  precipitates  white  cyanide  of  lead, 
CNPb,  entirely  insoluble  in  excess,  soluble  in  dilute  nitric-  acid. 
Chromate  of  potassium  (prepared  by  neutralising  the  bichromate 
with  ammonia)  precipitates  yellow  Chromate,  Cr^O'^Pb^ :  soluble 
phosphates,  arsenates,  and  oxalates,  give  white  precipitates ;  all 
difficultly  soluble  in  dilute  nitric  acid,  soluble  in  excess  of  potash. 
Ammonia  precipitates  a  white  basic  salt,  insoluble  in  excess:  in 
a  solution  of  acetate  of  lead  this  precipitate  forms  slowly.  Potash 
and  soda  precipitate  white  hydrate,  PbllO,  soluble  in  excess, 
especially  on  heating,    uilkaline  carbonates  give  a  white  preci- 

I  3 


118 


LEAD. 


PART  II. 


pitate  of  carbonate  of  lead,  CO^Pb^  (white  lead,  ceruse),  insoluble 
in  excess.  If  this  precipitate  be  formed  in  a  hot  solution  it  con- 
sists of  a  compound  of  hydrate  and  normal  carbonate  of  lead 
(C0"^Pb2-|-PbH0).  Ferrocyanide  of  potassium  gives  a  Avliite  pre- 
cipitate of  cyanide  of  iron  and  lead,  Cy'^FePb^.  Metallic  iron  and 
zinc  precipitate  lead  from  its  salts  in  the  metallic  state. 

b.  Binoxide  of  Lead.  Puce  Oxide.  Pb^O^.  —  A  dark  reddish 
purple  powder,  obtained  by  exposing  oxide  of  lead  suspended 
in  Avater  to  a  stream  of  chlorine  ;  or  by  digesting  minium  in 
nitric  acid.  Minium,  or  red  lead,  is  a  compound  of  lead  and 
oxygen,  obtained  by  heating  the  oxide  in  a  current  of  air :  its 
composition  is  Pb'^O',  and  it  has  been  regarded  as  an  inter- 
mediate oxide  of  lead ;  but  with  acids  (which  dissolve  out  the 
oxide  and  leave  the  binoxide)  it  behaves  like  a  mixture  of  oxide 
and  binoxide,  2Pb20  +  Pb-'0-.  Binoxide  of  lead  is  decomposed 
by  heat,  evolving  oxygen,  and  leaving  the  oxide,  without  any  in- 
termediate formation  of  minium.  It  does  not  combine  with  acids. 
Nitric  acid  does  not  dissolve  it:  with  hydrochloric  acid  it  evolves 
chlorine  and  forms  chloride  of  lead :  with  sulphuric  acid  it 
evolves  oxygen,  and  forms  sulphate  of  lead.  It  absorbs  sul- 
phurous anhydride  abundantly,  forming  sulphate  of  lead.  When 
fused  with  alkalis  it  combines  with  them,  forming  salts  which 
may  be  called  plumbaies.  Binoxide  of  lead  is  precipitated  toge- 
ther with  cliloride  when  a  lead-salt  is  treated  with  hypochlorite 
of  sodium. 

Blowpipe  reactions.  —  All  lead  compounds  are  easily  reduced 
when  heated  on  charcoal  with  carbonate  of  sodium,  or  cyanide  of 
potassium,  in  the  inner  flame,  a  malleable  globule  of  lead  being 
obtained,  and  a  yellow  incrustation  of  oxide  formed  on  the  char- 
coal, which  disappears  Avhen  heated  in  the  inner  flame,  colouring 
the  outer  flame  blue.  The  oxide  may  be  reduced  by  heating  on 
charcoal  without  the  aid  of  any  flux.  With  borax  and  micro- 
cosmic  salt,  lead  compounds  give  in  the  outer  flame  a  clear  yel- 
lowish bead,  which  is  colourless  when  cold. 

Separation  and  estimatio7i  of  lead.  —  Finely  powdered  galena 
(sulphide  of  lead)  is  entirely  converted  into  sulphate  of  lead  by 
digestion  in  strong  nitric  acid:  on  adding  water  and  filtering,  the 
other  metals  contained  in  the  mineral  (silver,  copper,  iron)  will 
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bt>  foiiiul  in  the  filtrate.  If  a  more  diliito  nitric  acid  be  employed, 
a  mixture  of  sulphate  of  lead  and  free  sulphur  is  obtained,  and 
some  nitrate  of  lead  is  found  in  tlie  filtrate.  White  lead  (car- 
bonate) is  dissolved  in  nitric  acid,  and  the  lead  precipitated  as 
sulphate:  if,  as  is  often  the  case,  the  mineral  contains  sul[)hates 
of  lead  and  barium,  they  will  be  left  undissolved  by  the  nitric 
acid,  and  the  sulphate  of  lead  may  be  separated  from  the  residue, 
by  digestion  in  tartrate  of  ammonium,  with  excess  of  ammonia. 
Chrome-yellow  (chromate  of  lead)  is  first  treated  with  a  large 
quantity  of  water,  to  remove  sulphate  of  calcium;  then  with 
dilute  nitric  acid,  to  remove  chalk  ;  and  then  with  tartrate  of 
ammonium  and  ammonia,  to  remove  sulphate  of  lead.  Tlie  re- 
sidue, which  consists  of  chromate  of  lead,  sulphate  of  barium, 
and  clay  (silicate  of  aluminium),  is  digested  with  a  mixture 
of  fuming  hydrochloric  acid  and  alcohol,  and  the  chlorides  of  lead 
and  chromium  thus  foi'med  removed  by  boiling  in  water.  The 
insoluble  residue  is  heated  with  concentrated  sulphuric  acid, 
which  converts  the  silicate  of  aluminium  into  sulphate,  which  is 
dissolved  out  with  water,  and  the  alumina  precipitated  from  the 
solution  by  ammonia.  The  silica  is  separated  from  the  sulphate 
of  barium,  by  boiling  the  residue  in  carbonate  of  sodium,  whicli 
dissolves  the  silica,  which  may  be  precipitated  from  its  solution 
by  chloride  of  ammonium. 

Lead  is  easily  separated  from  all  the  metals  of  Subdivision  A, 
by  the  insolubility  of  its  sulphide  in  sulphide  of  ammonium. 
Lead  is  estimated  either  as  oxide,  or  as  sulphate.  In  the  former 
case  it  is  best  to  precipitate  it  by  oxalate  of  ammonium  from  a 
neutral,  or  slightly  alkaline,  solution,  and  to  convert  the  oxalate  into 
oxide,  by  ignition  in  a  platinum  crucible.  Or  the  lead  may  be  pre- 
cipitated as  carbonate,  by  carbonate  of  ammonium  and  free  am- 
monia, and  converted  into  oxide  by  ignition.  In  the  latter  case,  if 
the  solution  be  neutral,  the  lead  is  best  precipitated  by  sulphate  of 
sodium:  in  an  acid  solution  precipitate  by  free  sulphuric  acid, 
evaporate  to  dryness,  ignite  the  residue  till  all  free  sulphuric  acid 
be  expelled,  exhaust  with  water  to  remove  any  soluble  salts, 
wash  the  sulphate  on  a  filter,  dry,  ignite,  and  weigh.  For  pre- 
cautions to  be  observed  in  igniting  lead-salts,  see  p.  206. 
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2.  Silver.    Ag.    Atomic  weight,  108. 

Occurs  native  :  also  as  suljjhide  (silver-glance)  :  as  sulphide  of 
silver  and  antimony  (red  silver  ore)  :  as  chloride  (horn-silver). 
It  is  a  white,  very  lustrous  metal,  fusible  at  a  somewhat  lower 
temperature  than  gold.  It  is  not  oxidised  by  the  air  at  any  tem- 
perature :  wlien  fused  in  the  air  it  dissolves  oxygen,  which 
escapes  as  tlie  silver  cools,  giving  a  porous  appearance  to  the 
metal.  Nitric  acid  dissolves  it  readily:  hydrochloric  acid  covers 
it  with  a  thin  film  of  chloride,  which  protects  the  metal  from 
further  attack :  strong  sulphuric  acid  dissolves  it  on  boiling, 
forming  sulphate  of  silver. 

Oxide  of  Silver,  Ag^O. — A  brown  powder,  obtained  by  pre- 
cipitating nitrate  of  silver  by  potash.  By  ignition  it  is  converted 
into  metallic  silver.  It  is  rapidly  soluble  in  nitric  acid.  Silver- 
salts  of  colourless  acids  are  mostly  colourless,  but  are  gradually 
blackened  by  exposure  to  the  air :  those  which  are  soluble  in 
water  are  decomposed  by  heat,  metallic  silver  being  left:  the 
aqueous  solution  of  a  normal  silver-salt  is  neuti'al  to  test-paper. 
JItjdrosulphuric  acid  and  sulphide  of  ammonium  give  a  black  pre- 
cipitate of  sulphide,  Ag^S,  insoluble  in  alkalis  and  alkaline  sul- 
phides, soluble  in  strong  nitric  acid.  (c)  Hydrochloric  acid 
and  soluble  chlorides  give  a  white  curdy  precipitate  of  chloride, 
ClAg,  Avhich  becomes  violet  by  exposure  to  the  light:  it  is  inso- 
luble in  Avater  and  dilute  acids  ;  slightly  soluble  in  boiling  concen- 
trated nitric  and  hydrochloric  acids ;  readily  soluble  in  ammonia 
(reprecipitated  by  nitric  acid);  in  cyanide  of  potassium,  and  hy- 
posulphite of  sodium  ;  also  soluble  in  saturated  solutions  of  alka- 
line chlorides,  whence  it  is  reprecipitated  on  dilution  with  watei*. 
Iodide  of  potassium  gives  a  yellowish  precipitate  of  iodide,  lAg, 
somewhat  soluble  in  excess,  insoluble  in  dilute  nitric  acid,  almost 
insoluble  in  ammonia.  Cyanide  of  potassium  gives  a  white 
curdy  precipitate  of  cyanide,  CNAg,  soluble  in  excess  of  the  re- 
agent, in  ammonia,  and  in  strong  nitric  acid.  Alkaline  carbonates 
give  a  yellowish  precipitate  of  carbonate,  alkaline  jjhosphates, 
a  yellow  precipitate  of  phosphate,  PO'^Ag^,  both  soluble  in 
ammonia  and  in  nitric  acid.  Potash  precipitates  brown  oxide, 
Ag'^O,  insoluble  in  excess.    Ammonia,  added  in  very  small  quan- 
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tity  to  a  neutral  silver  solution,  precipitates  brown  oxide,  readily 
soluble  in  more  ammonia:  in  an  aeid  silver  solution,  ammonia 
gives  no  precipitate.  Silver  is  very  easily  reduced  from  its 
soluble  salts  as  a  black  powder :  this  reduction  is  effected  (es- 
pecially on  heating)  by  many  metals  (tin,  iron,  copper,  antimony, 
&c.);  by  phosphorus,  phosphorous  acid,  sulphurous  (imper- 
fectly), profosulphate  or  protacetate  of  iron,  chloride  of  tin  (in 
excc^<^),  formic  acid,  and  many  other  organic  compounds.  AVlien 
reduced  by  organic  bodies,  the  silver  frequently  forms  a  brilliant 
specular  film  on  the  sides  of  the  vessel. 

Blowpipe  reactions. —  All  silver  compounds  are  very  easily 
reduced  to  metallic  shining  scales,  Avhen  heated  on  charcoal 
with  carbonate  of  sodium  in  the  inner  flame.  With  borax,  silver 
compounds  are  partly  reduced,  even  in  the  outer  flame.  With 
inicrocosmic  salt  they  give  a  clear  yellowish  bead  in  the  outer 
flame,  which  is  opalescent  if  a  large  quantity  of  the  silver  com- 
pound be  present:  when  cool,  the  bead  is  yellowish  by  daylight, 
reddish  by  candlelight. 

Separation  and  estimation  of  Silver. — Galena  frequently  con- 
tains a  small  percentage  of  silver,  which  is  extracted  as  follows : 
— The  alloy  of  lead  and  silver  obtained  by  roasting  the  ore,  is 
melted  in  large  quantities  in  ii-on  basins,  when  on  cooling  the 
lead  crystallises  out,  and  is  removed.  The  argentiferous  residue 
is  then  exposed  to  the  action  of  flame  on  a  cupel,  or  basin  of  porous 
bone-eartli,  when  the  lead  is  oxidised  and  absorbed  by  the  cupel, 
while  the  silver,  not  being  oxidised,  remains  pure.  Chloride  of 
silver  is  reduced  by  contact  with  zinc  and  sulphuric  acid :  the 
reduced  metal  is  fused  into  a  button  by  heating  it  in  a  furnace  Avith 
borax  and  carbonate  of  sodium.  (This  is  a  convenient  method 
for  the  extraction  of  silver  from  silver  residues.) 

Silver  is  separated  from  almost  all  other  metals  by  the  insolu- 
bility of  its  chloride  in  dilute  acids.  From  other  metals  which 
form  insoluble  chlorides  (lead,  mercury),  it  is  separated  by  the 
solubility  of  its  chloride  in  ammonia.  From  lead  it  is  sejjarated 
in  the  dry  way  by  cupellation.  In  the  wet  Avay,  the  solution  is 
largely  diluted  Avith  Avater,  heated  to  boiling,  and  precipitated  by 
hydrochloric  acid,  Avhich  thi-ows  down  chloride  of  silver  only. 
Or  the  chlorides  may  be  precipitated  together,  and  the  chloride 
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of  silver  dissolved  out  by  ammonia.  Silver  may  also  be  separated 
from  lead  by  cyanide  of  potassium,  excess  of  Avhich  dissolves  the 
cyanide  of  silver,  leaving  the  cyanide  of  lead  undissolved. 

Silver  is  always  estimated  as  chloride.  For  tlie  precautions  to 
be  observed,  see  p.  204. 

3.  Mercury.    Hg.    Atomic  weight,  100. 

Occurs  sometimes  native,  generally  as  sulphide  (cinnabar). 
It  is  the  only  metal  Avhicli  is  fluid  at  the  ordinary  temperature. 
It  is  white  and  lustrous  ;  it  solidifies  at  40°,  and  boils  at  360° 
giving  off  colourless  vapours.  It  is  sensibly  volatile  even  at  the 
ordinary  temperature.  It  is  not  affected  by  the  air  at  the  common 
temperature;  but  when  heated  to  a  little  below  its  boiling-point, 
it  takes  up  oxygen,  and  is  converted  into  the  red  oxide,  Hg-0. 
It  is  insoluble  in  hydrochloric  acid  :  nitric  acid  dissolves  it  easil}^ 
even  in  the  cold,  forming  subnitratc,  NO^IIg^,  if  the  mercury  be 
in  excess,  and  nitrate,  NO^Hg,  if  the  acid  be  in  .excess.  Aqua- 
regia  dissolves  it,  forming  a  mixture  of  chloride,  HgCl  (corrosive 
sublimate),  and  nitrate.  Boiled  Avith  excess  of  strong  sulphuric 
acid,  it  is  converted  into  solid  sulphate,  SO'^Hg^:  if  the  metal  be 
in  excess,  and  a  less  heat  applied,  subsulphate,  SO^IIg^,  is  formed. 
When  mercury  is  gently  heated  in  a  stream  of  chlorine,  the  chloride 
is  formed.  Mercury  possesses  the  pi'operty  of  dissolving  other 
metals,  forming  compounds  called  amalgams. 

Oxides  of  Mercury.    Suboxide,  Hg^O.    Oxide,  Hg-0. 

a.  Suboxide  of  Mercury.  Me rcurous  Oxide.  Hg^O.  —  A  black 
powder,  obtained  by  precipitating  a  subsalt  of  mercury  by  potash. 
It  is  very  difficult  to  obtain  it  perfectly  pure,  owing  to  the 
readiness  Avith  Avhich  it  is  decomposed  into  metallic  mercury  and 
oxide  ;  this  decomposition  is  induced  by  a  slight  rise  in  tem- 
perature, or  by  exposure  to  light.  It  is  insoluble  in  Avater  and 
hydrochloric  acid.  Its  salts  {subsalts  of  mercury,  or  mercurous 
sails)  are  colourless  Avhen  normal:  Avhen  basic,  they  are  fre- 
quently yellow.  All  soluble  mercurous  salts  are  partially  decom- 
posed by  water,  a  basic  salt  being  precipitated  and  an  acid  salt 
left  in  solution:  free  acid  redissoh'es  the  basic  salt.  Hydro- 
sulphuric  acid  and  sulphide  of  ammonium  give  AA^th  mercurous 
salts  a  black  precipitate  of  subsulphide,  Ilg^S,  insoluble  in 
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sulphide  of  ammonium,  or  nitric  acid,  soluble  in  aqua-rcgia,  and 
in  sulphide  of  potassium,  (c)  Hydrochloric  acid  and  soluble 
chlorides  give,  even  in  very  dilute  solutions,  a  Avhite  precipitate 
of  subchloridc,  llg^Cl  (calomel),  which  is  insoluble  in  dilute  acids, 
and  is  blackened  by  potash  or  ammonia.  Boiling  nitric  acid 
dissolves  it :  boiling  hydrocliloric  acid  decomposes  it  into  chloride, 
which  dissolves,  and  metallic  mercury,  which  remains  as  a  grey 
powder.  Iodide  of  potassium  gives  a  greenish-yelloAV  precipitate 
of  subiodide,  Ilg-l  (always  mixed  with  iodide,  Hgl),  soluble  in 
excess.  Cyanide  of  potassium  separates  metallic  mercury,  the 
subcvunide  being  decomposed  into  mercury  and  protocyanide 
(Ilg-Cy=Hg  + IlgCy).  Phosphate  of  sodium,  oxalic  acid,  and 
ferrocyanide  of  potassium  give  white  precipitates:  ferricyanide 
of  potassium,  a  reddish-brown,  Chromate  of  potassium,  a  red, 
gallic  acid,  a  brownish-yellow,  precipitate.  INIercurous  salts  are 
reduced  by  metallic  copper  and  zi?ic,  chloride  of  tin,  protosulphate 
of  iron,  sulphurous  and  phosphorous  acids,  metallic  mercury  being 
separated  as  a  grey  powder.  j\Iost  subsalts  of  mercury  are  de- 
composed by  heat :  the  subchloridc  and  subbromide  sublime 
undecoraposed.  All  subsalts  of  mercury  are  converted  into  proto- 
salts  by  boiling  in  nitric  acid. 

b.  Oxide  of  Mercury.  Mercuric  Oxide.  Ilg^O.  —  A  brick-red 
powder,  nearly  black  when  hot,  obtained  by  heating  mercury  in 
the  air,  or  by  carefully  igniting  the  nitrate  of  mercury.  When 
precipitated  by  an  alkali  from  a  mercuric  salt,  it  has  a  yellow 
colour.  It  is  decomposed  by  heat  into  mercury  and  oxygen, 
evolving  nitrous  fumes  if  it  contains  a  trace  of  nitric  acid.  It 
is  not  quite  insoluble  in  water:  readily  soluble  in  acids,  forming 
salts  of  mercury,  or  mercuric  salts.  Normal  mercuric  salts  are 
colourless ;  the  basic  salts  are  frequently  yellow.  They  are 
partially  decomposed  by  water,  with  separation  of  a  basic  salt, 
which  requires  free  acid  for  its  solution.  The  chloride  is  an  ex- 
ception, being  soluble  in  water  without  decomposition ;  hence  a 
solution  of  chloride  of  mercury  differs  in  some  of  its  reactions 
from  that  of  the  nitrate  and  of  other  salts  Avhich  are  partially 
decomposed  by  water,  (c)  Ilydrosulphuric  acid  and  sxdphide  of 
ammonium,  when  added  in  very  small  quantity,  give  with  all 
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mercuric  salts  a  black  precipitate  of  suli)liide,  Hg-S,  which,  when 
agitated  witli  the  mercuric  solution,  becomes  white,  owing  to  the 
formation  of  a  compound  of  the  sulphide  and  the  undecomposed 
mercuric  salt;  further  addition  of  the  reagent  turns  tlie  preci- 

1)  itatc  brown,  and  finally  black,  it  being  entirely  converted  into 
sulphide.  This  reaction  is  quite  characteristic  of  mercuric  salts. 
.Sulphide  of  mercury  is  insoluble  iu  nitric  acid,  or  sulphide  of 
ammonium,  soluble  in  aqua-regia  or  sulphide  of  potassium.  When 
sublimed,  its  colour  changes  from  black  to  red.  Hydrochloric 
acid  gives  no  precipitate  with  mercuric  salts.  Iodide  of  potas- 
sium, gives  a  bright  red  precipitate  of  iodide,  Ilgl,  soluble  in 
excess  either  of  iodide  of  potassium,  or  of  the  inercuric  salt. 
When  sublimed  its  colour  clulnges  to  a  bright  yellow.  Cyanide  of 
potassium  gives  with  nitrate  of  mercury  a  Avliite  precipitate 
soluble  in  excess:  it  does  not  precipitate  the  chloride.  Phosphate 
of  sodium  and  oxalic  acid  give  white  precipitates  with  mercuric 
nitrate  :  with  the  chloride  the  precipitate  only  appears  on  the 
addition  of  ammonia.  Ferrocyanide  of  potassiian  gives  Avith  all 
mercuric  salts  a  white  precipitate,  Avhich  gradually  becomes  blue, 
Prussian  blue  being  formed,  while  the  filtrate  contains  cyanide 
of  mercury.  Ferricyanide  of  potassium  gives  no  precipitate 
with  the  chloride,  a  yellow  precipitate  with  the  nitrate.  Gallic 
acid  gives  an  orange-yellow  precipitate  with  all  mei'curic  solu- 
tions, except  the  chloiüde.  Ammonia  and  carbonate  of  ammonia 
give  with  all  mercuric  salts  a  white  precipitate,  which  is  a  com- 
pound of  the  mercuric  salt  with  mercuramide :  its  composition 
varies  according  as  tlie  ammonia  or  the  mercuric  salt  is  in  excess. 
Potash  in  excess  precipitates  yellow  oxide,  Hg^O,  unless  the 
mercuric  solution  contains  much  free  acid.  Carbonate  of  potash, 
or  potash  in  small  quantity,  precipitates  a  reddish-brown  basic 
salt.  If  ammoniacal  salts  be  present,  botli  the  fixed  alkalis  and 
their  carbonates  give  the  white  precipitate  of  mercuramide  and 
mercuric  salt.  Cyanide  of  mercury  is  not  decomposed  by  alkalis  ; 
but  it  is  by  hydrosulphuric  acid.    Carbonate  of  barium  com- 

2)  letely  precipitates  mercuric  nitrate  as  a  basic  salt :  it  gives  no 
pi'ccipitate  with  the  chloride.  The  same  reagents  which  reduce 
mercurous  salts,  generally  reduce  mercuric  salts  also :  but  in  the 
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case  of  mercuric  salts,  the  reduction  is  frequently  gradual,  a 
uiercurous  salt  being  first  formed.    Thus  chloride  of  tin  gives 
with  mercuric  salts  a  white  precipitate  of  subchloride  of  mercury, 
which,  Avhen  boiled  with  excess  of  the  reagent,  is  further  reduced 
to  metallic  mercury.    If  the  solution  be  poured  off",  and  the 
reduced  mercury  boiled  with  hydrochloric  acid,  it  aggregates  into 
shining  globules.    Copper,  irov,  and  zinc  precipitate  metallic 
mercurv  from  all  mercuric  solutions  which  do  not  contain  too 
much  free  acid  ;  the  mercury  forms  a  grey  deposit  on  the  surface 
of  the  metal,  which  assumes  a  metallic  lustre  when  rubbed,  and 
disappears  when  heated.    Protnsulphate  of  iron  reduces  mercuric 
nitrate,  but  not  the  chloride.    Formic  acid  reduces  chloride  of 
mercury  to  subchloride :  no  excess  of  the  reagent  carries  the 
reduction  further,  unless  the  solution  be  heated  nearly  to  boiling. 
Mercuric  salts  are  generally  decomposed  by  heat :  the  chloride 
and  iodide  volatilise  undecomposcd. 

IVfercurous  salts  are  readily  separated  from  mercuric  salts  by 
hydrochloric  acid,  which  precipitates  only  the  former  ;  and  the 
latter  can  be  detected  in  the  filtrate  by  various  reagents.  If 
much  free  nitric  acid  be  present,  the  separation  is  not  complete, 
for  some  of  the  mercuious  salt  may  be  converted  into  mercuric. 

Blowpipe  reactions.  —  All  mercury  compounds,  when  thoroughly 
dried,  intimately  mixed  with  dry  carbonate  of  sodium,  and  heated 
before  the  blowpipe  in  a  tube  closed  at  one  end,  are  decomposed, 
and  metallic  mercury  condenses  in  the  cold  part  of  the  tube.  The 
mercury  compounds  which  are  volatile  Avithout  decomposition 
{e.  g.  the  chlorides)  may  escape  decomposition  by  carbonate  of 
soda.  In  this  case,  the  mixture  must  be  slightly  moistened  Avith 
water,  the  Avater  expelled  by  gentle  heat  over  the  lamp,  and 
removed  Avith  blotting-paper,  the  tube  being  held  horizontally,  to 
prevent  the  Avater  from  running  down  to  the  heated  part.  When 
the  moisture  is  all  expelled,  the  blowpipe  flame  is  applied  as 
before.  This  is  an  easy  and  certain  method  of  detecting  mercury. 

Separation  and  estimation  of  Mercury.  —  The  volatility  of  all 
its  compounds,  and  the  insolubility  of  its  sulphide  in  strong  nitric 
acid,  distinguish  mercury  from  all  other  metals.  Mercury  is 
separated  from  all  the  metals  of  Subdivision  A  by  the  insolubility 
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of  its  sulpliide  in  sulphide  of  ammonium.  In  the  analysis  of  a 
solution,  it  is  better,  before  treating  it  -with  hydrosulphuric  acid, 
to  remove  by  hydrochloric  acid  those  metals  which  form  insoluble 
chlorides.  Silver  and  suhsalts  of  mercury  are  thus  entirely,  lead 
partially,  precipitated.  The  chloride  of  lead  is  removed  by 
boiling  the  precipitate  in  a  large  quantity  of  water.  The  chloride 
of  silver  and  subchloride  of  mercury  are  separated  by  treatment 
with  ammonia,  which  dissolves  the  chloride  of  silver,  and  blackens 
the  subchloride  of  mercury;  or  they  may  be  separated  by  aqua- 
regia  in  the  cold,  Avhich  dissolves  the  subchloride  of  mercury,  and 
leaves  the  chloride  of  silver  undissolved.  But,  for  the  complete 
separation  of  mercury  from  lead  and  silver,  it  is  better  to  ensure 
the  presence  of  mercury  only  as  mercuric  salt,  by  boiling  the 
solution  with  nitric  acid.  The  silver  can  then  be  separated  com- 
pletely by  hydrochloric  acid.  Or  the  silver  may  be  separated 
from  the  mercury  by  cyanide  of  potassium,  as  follows.  The 
solution  is  nearly  neutralised  with  an  alkaline  carbonate,  and 
cyanide  of  potassium  added  till  the  precipitate  first  formed  is 
entirely  redissolved  :  excess  of  nitric  acid  is  then  added,  when  all 
the  silver  is  precipitated  as  cyanide,  while  cyanide  of  mercury 
remains  in  solution.  Lead  may  also  be  separated  from  mercury 
by  cyanide  of  potassium :  the  addition  of  nitric  acid  decomposes 
the  cyanide  of  lead,  forming  nitrate,  whence  the  lead  may  be  pre- 
cipitated by  an  alkaline  carbonate :  the  cyanide  of  mercury  is  not 
decomposed,  and  remains  in  solution.  Or  the  lead  may  be 
separated  by  means  of  sulphuric  acid,  which  must  be  in  excess, 
otherwise  a  basic  sulphate  of  mercury  may  be  precipitated  with 
sulphate  of  lead.  Or  the  solution  may  be  evaporated  to  dryness 
with  excess  of  hydrochloric  acid,  and  the  residue  treated  with 
alcohol,  which  dissolves  the  chloride  of  mercury,  leaving  the 
chloride  of  lead  undissolved. 

For  the  analysis  of  a  mixture  of  oxide  of  mei'cury,  cinnabar,  and 
red  lead,  Wöhler  gives  the  following  process.  By  digestion  with 
dilute  nitric  acid,  the  oxide  of  mercury  and  protoxide  of  lead  are 
dissolved  ;  the  lead  is  precipitated  from  the  solution  by  dilute 
sulphuric  acid,  and  then  the  mercury  by  hydrosulphuric  acid  or 
chloride  of  tin.    The  residue  is  then  treated  on  the  filter  with  a» 
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mixture  of  warm  (lilute  nitric  and  oxalic  acids,  which  dissolves 
out  the  binoxide  of  lead,  and  the  residual  cinnabar  is  washed,' 
dried,  and  weighed. 

Mercury  is  estimated  either  in  the  metallic  state  ;  as  subcliloride, 

•J 

Hji-Cl ;  or  as  sulpliidc,  Hg-'S.  In  tlio  first  case,  the  solution, 
which  nuist  not  contain  free  nitric  acid,  is  digested  with  chloride 
of  tin,  or  phosphorous  acid,  the  reduced  mercury  Avashed,  dried 
without  the  application  of  heat,  and  weighed.  In  the  dry  way  the 
operation  is  thus  performed.  About  an  inch  of  carbonate  of 
calcium  is  introduced  into  tlie  closed  end  of  a  combustion  tube, 
then  the  mercury  compound  mixed  with  quicklime,  then  about 
two  inches  of  quicklime.  The  open  end  of  the  tube  is  bent  down 
and  inserted  into  a  narrow-mouthed  bottle  containing  water,  the 
end  of  the  tube  just  dipping  into  the  water.  The  layer  of  quick- 
lime is  then  heated  to  redness,  then  the  mercury-compound,  and 
finally  the  carbonate  of  calcium,  when  carbonic  anhydride  is 
evolved,  and  sweeps  all  the  mercury-vapour  into  the  receiver, 
which  must  be  kei)t  cold.  The  condensed  mercury  is  then  dried 
and  weighed.  In  the  second  case,  the  mercury  is  best  precipitated 
by  an  alkaline  formate.  If  the  mercury  be  contained  in  the 
solution  ill  any  other  form  than  the  chloride,  hydrochloric  acid 
must  be  added,  tlie  solution  nearly  neutralised  with  potash,  an 
alkaline  formate  added,  and  the  whole  digested  for  some  days  at 
a  temperatui'e  not  exceeding  80°  :  if  the  solution  were  boiled,  the 
mercury  would  be  reduced  to  the  metallic  state.  The  subcliloride 
is  collected  on  a  weighed  filter,  dried  at  a  gentle  heat,  and 
weighed.  ]\Iereury  can  only  be  estimated  as  sulphide  in  solutions 
from  whicli  hydrosulphuric  acid  precipitates  the  sulphide  pure, 
{e.  g.  chloride  of  mercury):  it  is  then  suflficient  to  collect  the  sul- 
phide on  a  filter,  dry  it  in  the  water-bath,  and  weigh  it.  But  if 
the  sulphide  be  precipitated  from  a  solution  containing  free  nitric 
acid,  or  a  sesquisalt  of  iron,  it  is  mixed  with  sulphur,  and  cannot 
be  weighed  directly.  In  this  case,  the  mercury  must  be  separated 
from  it  in  the  metallic  state,  either  in  the  wet  or  dry  way,  as 
above  described. 

In  amalgams,  the  amount  of  mercury  may  be  determined  by  the 
loss  of  weight  produced  by  heat. 
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4.  Bismuth.  Bi.    Atomic  weight,  208. 

Found  native  :  also  in  combination  with  oxygen,  sulphur, 
tellurium,  &c.  It  is  a  white  metal  with  a  reddish  tinge  :  fuses  at 
260^.  It  is  not  affected  by  the  air  at  the  ordinary  temperature  : 
at  a  white  heat  it  takes  fire,  forming  bismuthic  oxide,  Bi^ 
Hydrochloric  acid  scarcely  attacks  it:  nitric  acid  dissolves  it 
readily:  sulphuric  acid  attacks  it  when  hot  and  concentrated. 
Powdered  bismuth  burns  in  chlorine  at  the  ordinary  temperature, 
forming  volatile  chloride,  BiCR 

Oxides  of  Bismuth.  Bismuthic  Oxide,  Bi^O^.  Bismuthic 
Anhydride^  Bi^O^ 

a.  Teroxide  of  Bismuth.  Bismuthic  oxide.  Bi^O  ^ — A  yelloAv 
powder,  obtained  by  heating  bismuth  in  the  air,  or  by  gently 
igniting  the  nitrate.  It  grows  darker  when  heated  :  it  may  be 
fused  to  a  glass,  which  is  yellow  and  crystalline  on  cooling.  It  is 
not  volatile.  It  is  insoluble  in  water,  soluble  in  all  acids,  forming 
bismuthic  salts,  which  are  colourless.  They  are  partially  decom- 
posed by  water,  a  basic  salt  being  precipitated,  and  troubling  the 
solution  :  the  addition  of  free  acid  dissolves  the  pi-ecipitate. 
This  is  the  reaction  chiefly  employed  for  the  detection  of  bismuth. 
The  decomposition  of  the  chloride  by  water  is  more  complete 
than  that  of  any  other  salt :  hence  it  is  Avell,  in  searching  for 
small  quantities  of  bismuth,  to  evaporate  the  solution  to  a  small 
bulk  with  hydrochloric  acid  in  a  watchtglass,  and  add  excess  of 
water.  The  precipitate  thus  obtained  is  insoluble  in  tartaric 
acid.  (Distinction  of  bismuth  from  antimony.)  IJydrosulphuric 
acid  and  sulphide  of  ammonium  give  a  black-brown  precipitate 
of  sulphide,  Bi^S*^,  insoluble  in  alkaline  sulphides,  soluble  in  nitric 
acid.  Stdphuric  acid  gives  no  precipitate.  Chromate  of  potas- 
sium  precipitates  yellow  Chromate,  soluble  in  nitric  acid,  insoluble 
in  potash  ;  by  which  it  is  distinguished  from  Chromate  of  lead. 
Iodide  of  jjotassium  precipitates  brown  iodide,  Bil^,  soluble  in 
excess.  Cyanide  of  potassium  gives  a  white  precipitate,  insoluble 
in  excess,  soluble  in  acids.  Ferrocyanide  of  potassium  gives  a 
white  precipitate  ;  ferricyamde  of  potassium,  a  pale  yellow  pre- 
cipitate, both  insoluble  in  hydrochloric  acid.    Alkaline  carbonates 
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precipitate  a  wliite  basic  carbonate,  slightly  soluble  in  excess, 
l)recipitated  from  the  solution  by  potash.  Atnmonia  and  potash 
precipitate  white  hydrate,  insoluble  in  excess  :  by  boiling  it  is 
converted  into  the  yellow  oxide.  Zinc,  and  several  other  metals, 
reduce  metallic  bismuth  from  its  salts.  All  bismuth-salts,  except 
the  chloride,  are  decomposed  when  heated  in  the  air. 

b.  Bismuthic  Anhydride,  Bi^O''. — A  light-red  powder,  obtained 
by  exposing  the  oxide,  suspended  in  a  strong  solution  of  potash, 
to  the  action  of  chlorine.  By  ignition  it  is  converted  into  the 
oxide.  Heated  with  strong  sulphuric  or  nitric  acid  it  evolves 
oxvo'en,  and  forms  a  bismuth-salt.  With  hydrochloric  acid  in 
the  cold  it  evolves  chlorine,  and  forms  chloride  of  bismuth.  It  is 
somewhat  soluble  in  potash,  and  forms  a  few  double  salts  of  bis- 
muth and  potassium. 

There  are  several  oxides  intermediate  between  bismuthic  oxide 
and  anliydride,  which  may  be  regarded  as  compounds  of  these 
two.  They  are  all  converted  into  the  oxide  by  ignition,  and 
evolve  chlorine  when  treated  with  hydrochloric  acid. 

Blowpipe  reactions. — All  bismuth  compounds,  when  heated  on 
charcoal  with  carbonate  of  sodium  in  the  inner  flame,  give  a 
brittle  metallic  bead,  and  a  yellow  incrustation,  which  disappears 
when  heated  in  the  inner  flame,  without  giving  any  colour  to  the 
outer  flame  (distinction  of  bismuth-oxide  from  lead-oxide).  With 
borax  and  microcosmic  salt  bismuthic  oxide  gives  beads  which 
are  yellowish  when  hot  and  colourless  when  cold.  If  much 
oxide  be  employed,  the  bead  is  opaque. 

Separation  and  estimation  of  Bismuth. — The  best  qualitative 
test  for  bismuth  is  the  decomposition  of  its  chloride  by  water : 
the  precipitate  thus  produced  is  insoluble  in  tartaric  acid,  potash, 
and  sulphide  of  ammonium.  From  the  metals  of  Subdivision  A, 
bismuth  is  separated  by  the  insolubility  of  its  sulphide  in  sul- 
])hide  of  ammonium.  From  lead,  by  means  of  sulphuric  acid  in 
excess :  or  by  evaporation  to  dryness  with  hydrochloric  acid  and 
treating  the  residue  with  alcohol  and  ether,  which  dissolves  the 
chloride  of  bismuth  only.  From  silver,  by  hydrochloric  acid. 
From  mercury,  by  the  solubility  of  its  sulphide  in  nitric  acid,  or 
by  the  reduction  of  the  mercury  by  chloride  of  tin. 
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Bismuth  is  always  estimated  as  oxide.  It  is  best  precipitated 
by  carbonate  of  ammonium,  by  which  it  is  completely  thrown  down 
after  some  hours  standing  in  a  warm  place.  The  precipitate  is 
converted  into  oxide,  Bi^O^,  by  ignition  in  a  porcelain  (not  a 
platinum)  crucible.  Bismuth  cannot  be  pi*ecipitated  directly  by 
carbonate  of  ammonium  from  a  solution  containing  hydrochloric 
acid,  for  the  precipitate  would  contain  some  oxychloride :  in  this 
case  it  must  be  precipitated  as  sulphide,  the  sulpliide  dissolved  in 
nitric  acid,  and  the  solution  precipitated  by  carbonate  of  ammo- 
nium. 

5.  Copjjer.    Cu.    Atomic  weight,  31-7. 

Found  native:  as  suboxide  (red  copper-ore):  as  basic  carbonate 
(malachite"),  sulphate,  phosphate,  &c.:  as  sulphide  (copper-glance): 
as  sulphide  of  copper  and  other  metals  (copper-pyrites,  bour- 
nonite,  fahl-ore,  &c.).  It  has  a  red  colour  and  a  strong  metallic 
lustre :  it  is  very  ductile  and  tenacious,  and  difficultly  fusible.  It 
is  not  affected  by  dry  air  at  the  ordinary  temperature :  in  moist 
air  it  becomes  covered  with  a  green  coating  of  carbonate :  in 
presence  of  acids  it  is  rapidly  oxidised  by  the  air.  When  heated 
in  the  air  it  is  converted  into  black  oxide.  Hydrochloric  acid 
dissolves  it  but  slightly,  forming  subchloride,  Cu^Cl :  nitric  acid 
dissolves  it  readily :  concentrated  sulphuric  acid  dissolves  it  on 
heating,  forming  sulphate,  SO'^Cu'.  Heated  in  chlorine  it  forms 
a  mixture  of  chloi'ide,  CuCl,  and  subchloride. 

Oxides  of  Copper.    Suboxide,  Cu'^0.    Oxide,  Cu^O. 

a.  Suboxide  of  Copper.  Cuprous  Oxide.  Cu^O. — A  red  pow- 
der, obtained  by  heating  the  oxide  with  metallic  copper,  or  by 
boiling  a  protosalt  of  copper  with  grape-sugar,  arsenious  acid,  &c., 
in  presence  of  excess  of  potash.  When  heated  in  the  air  it  is  con- 
verted into  oxide.  All  acids,  except  hydrochloric,  decompose  it 
into  metallic  copper,  and  cupric  oxide,  which  dissolves  in  the  acid, 
forming  a  protosalt.  Hydrochloric  acid  dissolves  it  without  de- 
composition, forming  a  solution  of  subchloride,  Cu-'Cl,  which  is 
colourless  when  pure,  but  rapidly  becomes  brown,  and  then 
green,  by  absorption  of  oxygen  and  formation  of  chloride  (p.  6). 
From  the  acid  solution  of  subchloride,  loater  precii)itates  white 
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subchloride.  Potash  precipitates  yellow  subhydrate,  insoluble  in 
excess,  which  rapidly  becomes  black  by  absorption  of  oxygen 
and  conversion  into  oxide.  Ammonia  in  excess  gives  a  colourless 
solution,  which  rapidly  becomes  blue  on  exposure  to  the  air.  In 
short,  all  subsalts  of  copper  absorb  oxygen  very  readily  from  the 
air,  and  are  converted  into  protosalts. 

b.  Oxide  of  Copper.    Cupric  Oxide.  Cu^O.— A  black  powder, 
obtained  by  heating  copper  in  the  air,  or  by  igniting  the  nitrate. 
It  fuses  at  a  high  temperature.    At  a  red  heat  it  readily  parts 
with  its  oxygen  to  hydrogen  or  carbon,  which  renders  it  a  valu- 
able agent  in  organic  analysis.    It  is  insoluble  in  water;  soluble 
in  acids,  forming  protosalts  of  copper,  or  cupric  salts.    These  are 
mostly  colourless  when  anhydrous :  when  hydrated  they  are  blue 
or  green.    An  aqueous  solution  of  a  normal  copper-salt  reddens 
litmus-paper.    Hydrosidphuric  acid  or  sulphide  of  ammonium 
gives  Avith  cupric  salts  a  black  precipitate  of  sulphide,  Cu-S, 
which  is  rapidly  oxidised  into  sulpliate  by  exposure  to  the  air:  it 
is  insoluble  in  hydrochloric  acid  or  sulphide  of  potassium;  slightly 
soluble  in  sulphide  of  ammonium ;  soluble  in  nitric  acid  or  cya- 
nide of  potassium.    Iodide  of  potassium,  in  presence  of  sulphu- 
rous acid  or  a  protosalt  of  iron,  precipitates  all  the  copper  as 
greenish-white  subiodide,  Cu^I,  soluble  in  excess.     Cyanide  of 
potassium  gives  a  greenish-yelloAV  precipitate  of  cyanide,  CNCu, 
soluble  in  excess :  from  this  solution  hydrochloric  acid  precipi- 
tates white  subcyanide,  CNCu^,  soluble  in  excess:  hydrosulphuric 
acid  gives  no  precipitate,    (c)  Ferrocyanide  of  potassium  gives 
a  red-brown  precipitate  of  cyanide  of  irun  and  copper,  insoluble 
in  hydrochloric  acid,  soluble  in  ammonia,  decomposed  by  potash 
with  separation  of  hydrate  of  copper.    In  very  dilute  solutions 
only  a  brown  colour  is  produced.    This  is  the  most  delicate  test 
for  copper.    Ferricyanide  of  potassium,  gives  a  yellowish-green 
precipitate,  insoluble  in  hydrochloric  acid.    Fixed  alkaline  car- 
bonates give  (with  evolution  of  carbonic  .anhydride)  a  greenish- 
blue  precipitate  of  basic  carbonate,  which  on  boiling  is  converted 
into  black  oxide.    Fixed  alkalis  in  excess  precipitate  blue  hy- 
drate, CuHO,  insoluble  in  excess,  which  on  boiling  is  converted 
into  black  oxide.    The  presence  of  many  organic  substances 
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prevents  this  precipitation.  For  instance,  if  grape-sugar  be 
present  in  a  solution  of  sulphate  of  copper,  potash  or  soda  pro- 
duces a  deep  blue  solution,  whence  the  whole  of  the  copper  is 
precipitated  on  boiling  as  suboxide,  (c)  Ammonia  or  carbonate 
of  ammonium  in  small  quantity  precipitates  a  greenish-blue  basic 
salt,  readily  soluble  in  excess  to  a  beautiful  dark-blue  solution, 
whence  black  oxide  may  be  separated  by  boiling  with  potash. 
The  blue  colour  is  perceptible  in  very  dilute  copper  solutions. 
Metallic  zinc  and  iron  precipitate  copper  from  its  solutions  in 
presence  of  free  hydrochloric  acid.  All  soluble  copper-salts  arc 
decomposed  by  ignition  in  the  air. 

Blowpipe  reactions. — All  copper  compounds  are  reduced  when 
heated  on  charcoal  in  the  inner  tlame  with  carbonate  of  sodium 
and  cyanide  of  potassium,  yielding  red  metallic  scales,  which  are 
easily  detected  by  levigating  the  fused  mass  in  an  agate  mortar. 
Both  oxides  of  copper,  and  most  copper-salts,  when  heated  on  a 
platinum-wire  in  the  inner  flame,  give  an  intense  green  colour  to 
the  outer  flame  (especially  on  addition  of  a  little  chloride  of 
silver).  With  borax  and  microscomic  salt,  copper-salts  give  in 
the  outer  flame  clear  beads,  which  are  dark-green  when  hot, 
bluish-green  when  cool :  in  the  inner  flame  (especially  on  ad- 
dition of  tin)  beads  which  are  colourless  when  hot,  red,  and 
frequently  opaque,  when  cool. 

Separation  arid  estimation  of  Copper. — Copper  is  separated 
from  the  metals  of  Subdivision  A,  by  the  insolubility  of  its  sul- 
phide in  sulphide  of  potassium  or  sodium.  From  lead  it  is  sepa- 
rated by  sulphuric  acid,  or  by  cyanide  of  potassium  in  excess, 
which  precipitates  the  lead  only.  From  silver,  it  is  separated  by 
hydrochloric  acid.  From  mercury,  by  adding  excess  of  cyanide 
of  potassium,  and  passing  hydrosulphuric  acid  through  the  solu- 
tion, when  sulphide  of  mercury  is  precipitated  alone.  From 
bismuth,  by  carbonate  of  ammonium,  or  cyanide  of  potassium. 

When  copper  is  precipitated  as  sulphide,  the  sulphide  must  be 
washed  with  water  containing  hydrosulphuric  acid,  to  prevent 
oxidation  from  the  air  and  the  consequent  passage  of  soluble  sul- 
phate through  the  filter :  the  sulphide  is  then  dissolved  in  nitric 
acid,  and  the  solution  precipitated  by  potash.    Copper  cannot 
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be  accurately  estimated  by  precipitation  by  iron  in  the  metallic 
state :  since  the  reduced  copper  becomes  partially  oxidised  during 
the  process  of  drying. — Kose. 

6.  €aclmiu!n.    Cd.    Atomic  weight,  56. 

Found  principally  in  zinc-ores.  It  is  a  white  metal,  much 
resembling  tin  :  it  is  nearly  as  volatile  as  mercury.  It  is  not 
atlected  by  dry  air  at  the  ordinary  temperature :  in  moist  air  it  is 
slightly  oxidised :  heated  in  the  air  it  burns,  and  forms  brown 
vapours  of  oxide  of  cadmium.  It  is  soluble  in  hydrochloric, 
sulphuric,  and  even  acetic  acids :  most  easily  in  nitric  acid. 

Oxide  of  Cadmium.  Cadmic  Oxide,  Cd^O. — A  brown  powder, 
obtained  by  heating  cadmium  or  the  hydrate  in  the  air.    It  is  not 
fused  or  decomposed  by  the  strongest  heat.    It  is  soluble  in  acid?, 
forming  salts  of  cadmium,  or  cadmic  salts.     These  are  colourless, 
mostly  soluble  in  water:  the  aqueous  solution  of  the  normal  salts 
reddens  litmus-paper.     (c)  Ilydrosulphuric  acid  or  sulphide  of 
ammonium  gives,  even  in  very  acid  solutions,  a  yellow  precipitate 
of  sulphide,  Cd^S,  insoluble  in  alkaline  sulphides,  caustic  alkalis, 
or  cyanide  of  potassium,  soluble  in  nitric  acid.  Alkaline  phosphates 
and  oxalates  give  white  precipitates,  insoluble  in  water,  soluble  in 
ammonia.     Cyanide  of  potassium  precipitates  white  cyanide  of 
cadmium,  CNCd,  soluble  in  excess :  from  this  solution  hydro- 
sulphuric  acid  precipitates  the  sulpliide.    Ferrocyanide  of  potas- 
sium gives  a  white  precipitate ;  ferricyanide  of  potassium  a 
yellow  precipitate  ;  both  soluble  in  hydrochloric  acid.  Alkaline 
carbonates  precipitate  white  carbonate,  CO^Cd^,  insoluble  in  excess. 
Potash  precipitates  white  hydrate,  CdHO,  insoluble  in  excess. 
Ammonia  precipitates  the  hydrate,  soluble  in  excess:  this  solution 
is  precipitated  by  hydrosulphuric  acid.    Metallic  zinc  precipitates 
cadmium  from  its  solutions. 

Blotopipe  reactions. — All  cadmium  compounds,  when  heated  on 
charcoal  in  the  inner  flame  with  carbonate  of  sodium  and  cyanide 
of  potassium,  give  a  brown  incrustation  of  cadmic  oxide.  A 
little  cadmic  oxide  in  presence  of  excess  of  zinc-oxide  may  be  de- 
tected by  heating  the  mixture  with  carbonate  of  sodium  for  an 
instant  in  the  inner  flame,  when  a  slight  incrustation  of  cadmic 
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oxide  is  formed.  Much  longer  heat  is  required  for  the  formation 
of  zinc-oxide.  With  borax  and  microcosniic  salt  cadmic  oxide 
gives  a  bead,  which  is  yelloAvish  when  hot,  and  colourless  when 
cool. 

Separation  and  estimaiion  of  Cadmium.  —  For  the  detection  of 
cadmium  in  zinc-ores,  the  mineral  is  powdered,  and  digested  in 
aqua-rcgia,  the  solution  diluted  with  water,  and  saturated  with 
hydrosulphuric  acid,  which  does  not  precipitate  the  zinc.  The 
precipitate,  which  generally  contains  some  sulphide  of  copper,  is 
washed  with  water  containing  hydrosulphuric  acid,  dissolved  in 
nitric  acid,  the  solution  precipitated  by  excess  of  carbonate  of 
ammonium  and  the  whole  digested  for  some  time  at  a  gentle  heat. 
The  precipitate  (in  the  absence  of  lead  and  bismuth)  consists 
entirely  of  carbonate  of  cadmium:  the  filtrate  contains  all  the 
copper. 

Cadmium  is  separated  from  the  metals  of  Subdivision  A,  by  the 
insolubility  of  its  sulphide  in  alkaline  sulphides.  From  lead  it  is 
separated  by  sulphui-ic  acid,  or  by  cyanide  of  potassium :  from 
silver,  by  hydrochloric  acid.  From  mercury,  it  is  separated  by 
reducing  the  mercury  by  chloride  of  tin  :  or  by  excess  of  cyanide 
of  potassium  and  nitric  acid,  as  described  in  the  separation  of 
mercury  from  lead  (p.  126).  From  hisnmfh,  by  ammonia,  or  by 
cyanide  of  potassium.  Fi'om  copper,  by  carbonate  of  ammo- 
nium, which  dissolves  the  copper,  but  precipitates  the  cad- 
mium. Or  by  cyanide  of  potassium,  as  follows: — cyanide  of 
potassium  is  added  to  the  solution  till  the  precipitate  first  formed 
is  redissolved  (or,  if  the  solution  be  amraoniacal,  till  the  blue 
colour  is  destroyed) ;  the  solution  is  then  saturated  with  hydro- 
sulphuric acid,  which  precipitates  only  sulphide  of  cadmium. 
The  filtrate  is  heated  to  expel  excess  of  hydrosulphuric  acid, 
more  cyanide  of  potassium  added,  the  whole  heated  with  hydro- 
chloric acid  with  addition  of  nitric  acid  until  all  the  hydrocyanic 
acid  is  expelled,  and  the  copper  precipitated  from  the  solution  by 
potash. 

Cadmium  is  always  estimated  as  oxide.  It  is  precipitated  by 
carbonate  of  sodium  as  carbonate,  which  by  ignition  is  converted 
into  oxide. 
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7.  Palladium.    Td.    Atomic  weight,  53. 

Found  native  in  platinum-ores,  and  in  gold-dust  from  Brazil.  It  closely 
resembles  i)latinum  in  appearance,  but  is  not  nearly  so  Iieavy.  It  is  in- 
soluble in  livdrochloric  acid:  soniowliat  soluble  in  boiling  concentrated 
sulphuric  acid  :  slowly  but  completely  soluble  in  nitric,  acid  (wliich 
distinguishes  it  from  platinum):  readily  soluble  in  aqua-regia,  the  solution 
containing  a  mixture  of  nitrate  and  chloride  of  palladium. 

ÜXIDKS  OF  TALLADirM. — The  most  important  oxide  is 

Protoxide  of  Palladium.  Palladous  Oxide.  Pd'-'O.  — A  black  powder, 
obtained  by  dissolving  palladium  in  nitric  acid,  evaporating  tlie  dark- 
brown  solution  to  dryness,  and  igniting  the  nitrate  at  a  gentle  heat. 
The  hydrate.  PdllO,  is  dark-brown :  it  is  obtained  by  precipitating  a  pal- 
ladium-salt, by  carbonate  of  jjotassium :  at  a  moderate  heat  it  is  CDUverted 
into  the  oxide,  at  a  stronger  heat  it  is  reduced  to  the  metal.  Jli/drosid- 
phuric  acid  or  sidphide  of  ummonixim  gives  with  salts  of  palladium  a  dark- 
brown  precipitate  of  sulphitle,  Pd'-'S,  soluble  in  strong  acids,  insoluble  in 
alkaline  sulphides.  Hydriodic  acid  and  soluble  iodides  g\\e  even  in  very 
dilute  solutions  a  black  precipitate  of  iodide,  Pdl,  somewhat  soluble  in 
excess  of  iodide  of  potassium.  This  reaction  serves  for  the  estimation  of 
iodine  in  mineral  springs.  Cyanide  of  mercury  gives  (sometimes  not 
immediately)  a  yellowish  gelatinous  precipitate  of  cyanide,  CNPd,  which 
becomes  white  on  standing :  it  is  soluble  in  cyanide  ofpotassium,  ammonia, 
and  in  a  large  quantity  of  hydrochloric  acid.  Carbonate  of  potassium 
precipitates  brown  hydrate,  PdllO,  soluble  in  excess,  reprecipitated  by 
boiling  the  solution.  Potash  precipitates  a  yellowish-brown  basic  salt, 
soluble  in  excess.  Ammonia  and  curhoiutte  of  ammonium  do  not  precipi- 
tate nitrate  of  palladium,  but  if  added  in  excess,  they  decolorise  the 
solution.  With  cliloride  of  palladium  they  give  a  reddish-yellow  pre- 
cipitate of  chloride  of  palladammonium,  NtPPdCl,  soluble  in  excess,  and 
reprecipitateil  by  hyilrochloric  acid.  Chloride  of  ammonium  does  not 
precipitate  palladium-salts.  Chloride  of  tin  gives  a  black  precipitate, 
which  dissolves  in  hydrochloric  acid  with  an  intense  green  colour.  Palla- 
dium-salts are  reduced  hy  phosphorous,  sulphurous,  nitrous,  and  for  tnic 
acids,  metallic  zinc  and  iron,  and  by  alcohol.  Pi-otosidphute  of  iron  reduces 
the  nitrate,  but  not  the  chloride.  All  palladium-salts  are  decomposed  by 
ignition,  leaving  metallic  palladiinn. 

Separation  and  estimation  of  Palladium. — Palladium  is  separated  from 
most  other  metals  by  cyanide  of  mercury.  If,  however,  the  solution 
contain  alcohol,  gold,  platinum,  and  some  other  metals  would  also  be 
precipitated  by  cyanide  of  mercury.  Palladium  cannot  be  separated  from 
platinum  by  nitric  acid,  for  an  alloy  of  palladium  with  very  little  plati- 
num is  completely  dissolved  by  nitric  acid.  They  n)ay  be  separated  by 
fusion  with  acid  sulphate  of  potassium,  when  the  platinum  is  not  oxidised, 
while  the  palladium  is  converted  into  sulphate.  An  effectual  qualitative 
reaction  for  distinguishing  palladium-foil  from  plalinunj-foil  is  to  moisten 
it  with  a  drop  of  an  alcoholic  solution  of  iodine,  which  is  then  left  to 
spontaneous  evaporation;  when  on  palladium-foil  a  black  stain  is  produced, 
which  disappears  on  heating,  while  platinum-foil  remains  unaltered. 
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Palladium  cannot  be  separated  from  copper  (which  often  occurs  in  plati- 
num ores)  by  cyanide  of  mercury.  Berzelius  gives  the  followinfj:  pro- 
cess. The  two  metals  are  precipitated  as  sulphides,  and  the  precipitate, 
while  still  moist,  roasted  together  with  the  filter,  as  long  as  sulphurous 
anhydride  continues  to  be  evolved.  They  are  thus  converted  into  basic 
sulphates,  which  are  dissolved  in  hydrochloric  acid,  chloride  of  potas- 
sium added,  and  the  whole  evaporated  to  dryness.  A  dark  residue  is 
left,  consisting  of  chloride  of  potassium,  chloride  of  copper  and  potassium, 
and  chloride  of  palladiuiu  and  potassium;  the  two  former  salts  are  dis- 
solved out  by  alcohol  of  sp.  gr.  0-833,  the  residue  dried,  weighed,  and 
the  amount  of  palladium  calculated  from  it.  According  to  D  öb  erein  er, 
copper  may  be  separated  from  palladium  by  reducing  the  latter  metal  by 
an  alkaline  formate. 

Palladium  is  always  estimated  in  the  metallic  state.  It  is  precipitated 
by  cyanide  of  mercury  (the  solution  having  been  nearly  neutralised  by 
carbonate  of  sodium)  :  the  cyanide  on  ignition  leaves  metallic  palladium. 

8.  Rhodium.    P.    Atomic  weight,  52. 

Found  in  small  quantity  in  platinum-ores.  It  is  a  grey  powder,  which 
can  only  be  imperfectly  fused  to  a  coherent  mass,  it  is  oxidised  when 
strongly  heated  in  the  air.  When  pure  it  is  insoluble  in  acids:  when  alloyed 
with  other  metals  it  may  be  partially  dissolved.  It  is  dissolved  when  fused 
with  acid  sulphate  of  potassium  or  glacial  phosphoric  acid.  It  is  oxidised 
when  ignited  with  potash  and  nitrate  of  potassium.  When  rhodium  is 
mixed  with  powdered  chloride  of  potassium,  and  heated  to  redness  in  a 
stream  of  chlorine,  a  double  chloride  of  rhodium  and  potassium  is  formed, 
which  is  soluble  in  water. 

Oxides  of  Rhodium. — The  most  important  oxide  is 
Sesquioxide  of  Rhodium.  lihodic  Oxide.  R'O^. — A  black  powder, 
insoluble  in  acids,  obtained  by  the  prolonged  ignition  of  the  hydrate.  The 
hydrate  is  obtained  by  fusing  rhodium  with  potasli  and  nitrate  of  potas- 
sium, wasl)ing  with  water  the  compound  of  rhodic  o.xide  and  potash 
Avhich  is  thus  formed,  and  digesting  it  in  hydrochloric  acid,  when  the 
liydrate  remains  of  a  greyish-green  colour,  insoluble  in  acids.  The  hydrate 
obtained  bv  precipitating  the  double  chloride  of  rhodium  and  potassium 
by  an  alkali,  and  evaporating  to  dryness,  is  slowly  soluble  in  acids,  to- 
gether with  the  alkali  wliich  adheres  to  it,  forming  double  salts.  Phodium- 
salts  are  difficult  to  obtain,  owing  to  the  insolubility  of  the  metal  and  its 
oxide  in  acids:  thoy  are  best  prepared  in  the  dry  way  by  one  of  the 
methods  descrilied  above.  Their  solutions  are  generally  red.  They  are 
slowly  precipitated  by  hi/dromlphitric  acid  or  sidphide  of  ammonium^  as 
brown  sulphide,  insoluble  in  alkaline  sulphides.  Chloride  of  tin  gives  no 
])recipitate,  but  colours  the  solution  dark-brown.  Niti'ute  of  silver  gives 
with  chloride  of  rhodium  a  red  precipitate,  analogous  in  composition  to 
the  iridium  precipitate  (p.  104).  Potash  gives  with  chloride  of  rhodium  a 
yellowish-brown  precipitate  ot  hydrate,  soluble  in  excess :  in  other  rho- 
<]ium-salts  this  precipitate  only  appears  on  boiling.  Ammonia  gives  with 
all  rhodium-salts  a  yellow  precipitate  containing  rhodic  oxide  and  am- 
monia, soluble  in  hydrochloric  acid.     Rhodium-salts  are  reduced  by 
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iiictallic  zinc:  not  by  protosuJphate  of  iron.  (c)  From  a,  solution  of  a 
rhodium-salt,  satunitetl  with  ])otash,  alcohol  reduces  metallic  rhodium, 
even  in  the  cold,  as  a  black  powder:  with  other  plat iimm-metals*,  this 
reaction  only  takes  place  on  heatincr. 

Separation  and  estimation  of  Rhodium.— ^od'mm  may  be  separat^ed 
from  all  the  noble  nietals  (except  palladium  and  silver)  by  its  solubility 
when  fused  witli  acid  sulphate  of  potassium.  The  insolubility  in  alcohol 
of  chlororhodate  of  sodium  affords  a  method  of  separating  it  I'rom  other 
platinum-metals. —  Rose. 

For  further  details  as  to  the  separation  of  rhodium  fi  om  the  platinum- 
metals,  see  the  article  on  platinum-ores  in  Tart  IV.  p.  2;}7.  For  these|)a- 
ration  of  rhodium  from  copper,  B  e  r  z  e  1  i  u  s  ffives  the  following  method :  — 
The  solution  is  saturated  with  hydrosulphuric  acid  and  left  in  a  stoppered 
bottle  for  twelve  hours  in  a  warm  place:  the  sulphides  are  then  filtered 
otf,  and  the  filtrate  heated,  on  which  more  sulphide  of  rhodium  generally 
separates.  The  sulphides  are  then  roasted  in  a  platinum  crucible  till 
they  are  completely  oxidised:  they  are  then  treated  with  hydrochloric 
acid,  which  dissolves  out  the  copper  and  leaves  the  rhodic  oxide.  The 
filtrate  from  tlie  sulphides  still  contains  some  rhodium,  which  is  separated 
as  rhodic  oxide  by  evaporating  to  dryness  with  carbonate  of  sodmm,  and 
treating  the  residue,  after  ignition,  with  cold  water.  The  rhodic  acid  is 
then  reduced  bv  hvdrojxen  at  a  ueiitle  heat  and  weighed. 

Rhodium  is  always  estimated  in  the  metallic  state.  The  rhodic  oxide  is 
obtained  by  evaporation  with  carbonate  of  sodium  as  above,  and  reduced 
by  hydrogen. 

9.  Ruthenium.    Ru.    Atomic  weight,  52. 

Found  in  small  quantity  in  platinum-ores.  It  is  a  grey  metal,  closely 
resembling  iridium.  When  heated  in  the  air  it  becomes  covered  with 
black  sesquioxide,  Rn*0-'.  When  pure  it  is  insoluble  in  acids,  or  in  fused 
acid  sulphate  of  potassium.  When  heated  with  ])otash  and  nitrate  of 
potassium,  it  is  o.xidised  and  converted  into  ruthenate  of  potassium,  a 
dark-green  mass  which  is  soluble  in  water,  forming  a  yellow  solution, 
from  which  nitric  aeid  precipitates  a  black  hydrate. 

OxiUKS  OF  RuTHKMLM.  The  most  important  oxide  is 
Sesfjuioxide  of  Ruthenium,  Ru'*0^. — A  black  powder  insoluble  in  acids, 
obtained  by  heating  ruthenium  in  the  air.  It  does  not  lose  its  oxygen  at 
a  white  heat.  The  hydrate  precipitated  by  nitric  acid  from  ruthenate  of 
})otassium  is  soluble  in  hydrochloric  acid,  Ibrming  a  dark  brown  solution 
of  sesquichloride  of  ruthenium,  which  gives  the  following  reactions: — 
It  is  decomposed  by  heat  into  black  sesquioxide  and  hydrochloric  acid, 
(c)  Ilijdrosidphuric  acid  slowly  precipitates  brown  sulphide  of  ruthenium  ; 
■while  the  solution  is  coloured  blue,  owing  to  the  reduction  of  the  sesqui- 
chloride to  protocldoride.  This  is  a  very  delicate  and  characteristic 
reaction.  Sulphide  of  ammonium  ])rtcipitates  brown  sulphide,  slightly 
soluble  in  excess,  forming  a  yellow  solution.    Cyanide  of  mercury  gives 

*  By  this  term  are  meant  those  ractals  which  are  usually  found  accompanying 
platinum  in  its  ores. 
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a  blue  precipitate  and  colours  the  solution  blue.  SuJphonjanate  of  potas- 
sium gives  (when  other  phitinum-uietals  are  absent)  a  purple-red  preci- 
pitate, which  becomes  violet  on  heating.  Acetate  of  lead  gives  a  purple- 
red  precipitate,  (c)  Nitrate  of  silver  gives  a  black  precipitate,  which  is 
a  mixture  of  chloride  of  silver  and  sesquihydrate  of  ruthenium:  the  latter 
gradually  dissolves  in  the  free  nitric  acid,  leaving  white  chloride  of  silver: 
the  addition  of  ammonia  dissolves  the  chloride  of  silver  and  reprecipitates 
the  sescjuiliydrate.  Caustic  alkalis,  alkaline  ca7-bona(es,  and  phosphate  of 
sodium,  ])recipitate  bhu'k  hydrate,  insoluble  in  excess.  Metallic  zinc  first 
gives  a  blue  colour  to  the  solution,  and  then  gradually  preripitates  metal- 
lic ruthenium,  while  the  solution  becomes  colourless.  Sulphurous,  oxalic, 
and  formic  acids  dtiCo\()rhe  the  solution,  but  do  not  reduce  the  metal. 
The  chlorides  of  potassium  and  ammonium  preci[)itate  crystalline  violet 
double  chlorides,  diHicultly  soluble  in  water,  insoluble  in  alcohol.  The 
solution  of  the  double  chloride  of  ruthenium  and  potassium  is  decom- 
posed by  lieat,  with  separation  of  a  black  oxychloride. 

Separation  and  estimation  of  Ruthenium. —  Ruthenium  has  hitherto  been 
found  associated  only  with  the  platinum-metals,  frum  which  it  is  separated 
as  described  in  Part  IV.  (p.  239). 

Ruthenium  is  always  estimated  in  the  metallic  state.  It  is  precipitated 
as  sesquihydrate  from  a  solution  of  sesquichloride,  either  by  simple  heat  or 
by  an  alkali ;  and  from  ruthenate  of  potassium  by  nitric  acid.  The  sesqui- 
hydrate generally  contains  some  alkali,  which  cannot  be  removed  by  wash- 
ing. It  must  be  reduced  by  gentle  ignition  in  a  stream  of  hydrogen,  the 
reduced  mass  thoroughly  washed  with  water,  and  the  residual  ruthenium, 
before  AveiLrhinn:,  a<rain  i^rnited  and  left  to  cool  in  a  stream  of  hydrogen, 
as  it  Avould  be  [tartially  oxidised  if  allowed  to  cool  in  the  air. 

10.  Osmium.    Os.    Atomic  weight,  1 00. 

Found  in  platinum-ores,  chiefly  as  osmide  of  iridium.  It  is  generally 
obtained  as  a  grey  porous  metallic  mass.  It  combines  with  oxygen  more 
readily  than  any  other  platinum-metal.  When  heated  in  contact  with 
the  air  it  is  entirely  convei'ted  into  osmic  anhydride,  OsO".  It  is  slowlv 
soluble  in  ordinary  nitric  acid,  more  readily  in  aqua-regia,or  fuming  nitric 
acid:  the  solution  in  all  cases  contains  osmic  acid.  After  strong  i<:nition, 
out  of  contact  with  air,  osmium  is  insoluble  in  acids.  Heated  in  chlo- 
rine, it  is  converted  into  a  mixture  of  green  chloride  and  red  bichloride 
(OsCI  and  OsCI'^),  of  which  the  latter  is  the  more  volatile. 

Oxides  of  Osmium. — Osmium  forms  several  compounds  with  oxygen, 
of  which  the  most  important  are  the  Binoxide,  Os'-Q^  and  Osmic  Anhy- 
dride, OsO^. 

a,  Binoxide  of  Osmium,.  Osmic  Oxide.  Os'O*^. — A  black  powder,  ob- 
tained by  igniting  the  hydrate  in  an  atmosphere  of  carbonic  anhydride.  The 
hydrate  is  precipitated  (black)  when  an  aqueous  solution  of  cldorosmate 
of  potassium  is  boiled  with  carbonate  of  sodium.  The  chlorosmate  of 
potassium,  OsCFK,  is  obtained  by  heating  a  mixture  of  metallic  osmium 
and  chloride  of  potassium  in  a  stream  of  chlorine.  It  is  a  red  compound, 
insoluble  in  alcohol,  somewhat  soluble  in  water,  forming  a  yellow  solution, 
which  gives  the  following  reactions.    Hydrosulphuric  acid  and  sidphide  of 
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ammonium  precipitate  slowly  yellowi?h-brown  sulpliide,  insoluble  in  alka- 
line sul[)lii(les.  Tannic  acid,  on  heatins;,  .uives  a  blue  colour,  and  no 
precipitate  :  ferrocyanide  of  potassium,  first  a  green,  then  a  bl  ue,  colour  : 
iodide  of  potassium,  a  deep  purjjle-red  colour,  which  does  not  disappear  on 
heating :  chloride  of  tin,  a  brown  jirecipitate :  nitrate  of  silrer,  a  dark 
olive-green  precipitate,  which  contains  the  whole  of  the  osmium.  Oxalic 
acid  and  protosulphate  of  iron  ^we,  no  reaction.  Potash  gives  a  black, 
ammonia  a  brown,  precii)itate,  slowly  in  the  cold,  immediately  on  boiling. 
Metallic        and  formate  of  sodium  reduce  metallic  osmium. 

b.  Osmic  Anhydride,  OsO'-,  A  white  crystalline  mass,  o'  taiiied  by  heat- 
ing osmium  or  any  of  its  lower  oxides,  in  contact  with  the  a  r.  It  is  vola- 
tile, and  may  be  sublimed  in  needles,  evolving  vapours  of  a  characteristic 
an<l  disagreeable  smell,  which  irritate  the  eyes  violently.  It  is  somewhat 
soluble  in  water  :  the  solution  contains  osmic  acid,  and  reddens  litmus  very 
feebly,  if  at  all.  The  addition  of  potash  gives  a  yellow  solution  of  osmate 
of  potassium,  in  which  a  few  drops  of  alcoliol  give  a  rose-red  ])recipitate  of 
osmite  of  potassium.  This  lower  oxygen-acid  of  osmium  (osmous  acid)  is 
only  known  in  combination  with  two  or  three  bases.  The  addition  of  a 
mineral  acid  to  a  solution  of  osmate  of  potassium  sets  free  osmic  acid, 
which  may  be  recognised  by  its  peculiar  smell,  and  which  may  be  isolated 
by  distillation.  Metallic  osmium  is  reduced  from  an  aqueous  solution  of 
osmic  acid  by  sulphurous  acid,  protosulphate  of  iron,  or  metallic  zinc. 
Chloride  of  tin  gives  a  brown  precipitate,  soluble  in  hydrochloric  acid  to  a 
brown  solution.  Hydrosulphuric  acid  or  sidphide  of  aininonium  precipitate 
black-brown  sulphide. 

Separation  and  estimation  of  Osmium. — The  best  method  of  separating 
osmium  from  the  other  platinum-metals  (es])ecially  iridium)  is  to  volatilise 
it  in  the  form  of  osmic  anhydride,  either  by  distillation  with  aqua-regia 
(if  the  compound  be  soluble  therein),  or  by  roasting  in  a  stream  of  oxygen. 
The  acid  va{)ours  are  collected  in  a  strong  solution  of  potash,  whence  a 
few  drops  of  alcohol  precipitates  all  the  osmium  as  osmite  of  potassium. 
The  [precipitate  is  digested  with  chloride  of  ammonium,  and  the  double 
chloride  thus  formed  reduced  to  metallic  osmium  by  ignition  in  a  stream 
of  hydrogen.  (Fremy.)  The  separation  of  osmium  in  the  native  osmide 
of  iridium  is  a  difficult  matter:  for  the  osmium  cannot  be  completely  dis- 
solved out  by  acids,  nor  converted  into  osmic  acid  by  heating  in  oxygen, 
nor  into  chloride  by  heating  in  chlorine.  The  best  way  to  decompose 
this  compound  is  to  oxidise  it  by  fusion  with  nitrate  of  potassium,  or  a 
mixture  of  caustic  potash  and  chlorate  of  potassium. — (Fritzsche  and 
Struve.    J.  Pr.  Ch.  xxxvii.  483.) 

Osmium  is  generally  estimated  in  the  metallic  state. 
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GROUP  II. 

Metals  which  are  not  precipitated  by  hydrosulphuric  acid, 
but  which  are  completely  precipitated  by  sulphide  of 
ammoniuin,  from  acid  solutions. 

This  group  like  the  former,  comprises  tAvo  subdivisions:  — 

A.  — Metals  which  are  precipitated  as  sulphides  :  nickel,  cobalt, 
mangajiese,  zinc,  iron,  uranium. 

B.  —  Metals  which  are  precipitated  as  hydrates:  alumitiinm, 
beryllium  or  gluci?ium,  zirconium,  thorium,  yttrium,  erbium,  ter- 
bium, cerium,  lanthanum,  didymium:  titanium,  tantalum,  niobium, 
chromium.  The  first  ten  metals  in  tliis  subdivision  are  known  as 
the  metals  of  the  earths,  or  earthy  metals. 

Group  II.— Subdivision  A. 

The  sulphides  of  these  metals  are  insoluble  in  water,  but  more 
or  less  soluble  in  dilute  mineral  acids  :  hence  they  are  not  pre- 
cipitated by  hydrosulphuric  acid  from  a  solution  containing 
sufficient  free  mineral  acid.  From  a  neutral  solution  their 
precipitation  by  hydrosulphuric  acid  is  not  complete:  for  the  acid 
with  which  tlie  precipitated  metal  was  combined,  is  set  free,  and 
(if  a  mineral  acid)  holds,  at  least,  a  portion  of  the  sulphides  in 
solution.  From  an  alkaline  solution  they  are  completely  pre- 
cipitated by  hydrosulphuric  acid.  By  sulphide  of  ammonium  they 
are  completely  precipitated,  either  from  an  acid  or  a  neutral 
solution,  the  free  acid  being  neutralised  by  the  alkali  contained  in 
the  alkaline  sulphide. 

The  metals  of  this  division  are  all  soluble  in  dilute  mineral 
acids,  generally  with  evolution  of  hydrogen  :  their  sulphides,  when 
treated  with  dilute  mineral  acids,  evolve  hydrosulphuric  acid. 
The  sulphides  of  nickel  and  cobalt  are  decomposed  with  difficulty 
by  acetic  or  dilute  hydrochloric  acid :  sulphide  of  zinc  is  insoluble, 
sulphide  of  manganese  readily  soluble,  in  acetic  acid.  All  these 
metals  (except  zinc)  form  sesquisalts,  as  well  as  protosalts  :  the 
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sesquisalts  of  manganese,  cobalt,  and  nickel,  are  less  stable  than 
those  of  iron  and  uranium,  being  reduced  to  protosalts  on  boiling 
their  solutions.    The  protosalts  are  not  precipitated  by  ammonia 
in  presence  of  chloride  of  ammonium,  a  double  salt  of  the  metal 
and  ammonium  being  formed,  which  is  not  decomposed  by  am- 
monia.   The  sesquisalts  of  these  metals  are  completely  pre- 
cipitated by  ammonia  in  presence  of  chloride  of  ammonium. 
The  presence  of  tartaric  acid,  and  of  many  other  non-volatile 
organic  compounds,  hinders  the  precipitation  of  the  sesquisalts  by 
caustic  alkalis,  or  alkaline  carbonates ;  but  not  that  by  sulphide 
of  ammonium.    When  in  the  form  of  double  cyanides,  these 
metals  are  not  precipitated  by  sulphide  of  ammonium  (p.  39). 
The  sesquisalts  are  precipitated  from  their  neutral  solutions  by 
digestion  with  carbonate  of  barium  or  of  calcium,  in  the  cold ; 
by  benzoate  or  sjiccinate  of  ammonium ;  or  by  heating  with  acetate 
of  sodium.    The  protosalts  are  not  precipitated  under  similar 
circumstances. 

1.  IViekel.    Ni.    Atomic  weight,  29. 

Found  as  arsenide  (copper-nickel)  and  arsenate  (nickel-ochre); 
as  sulphide,  both  alone  and  combined  with  otlier  metallic  sulphides: 
in  very  small  quantities,  and  generally  accompanied  by  cobalt,  in 
meteoric  iron,  olivine,  manganese-ore,  &c.  It  is  a  white  metal, 
hard,  malleable,  and  magnetic.  It  is  not  oxidised  by  the  air  at 
the  ordinary  temperature :  heated  in  the  air  it  is  slowly  and 
impei-fectly  converted  into  the  oxide,  Ni-0.  When  finely  pow- 
dered, and  heated  in  chlorine,  it  takes  fire,  and  is  converted  into 
chloride,  NiCl. 

Oxides  of  Nickel.    Protoxide,  Ni^O.    Sesquioxide,  Ni^O'. 

a.  Protoxide  of  Nickel,  Ni-0.  —  A  black  powder,  obtained  by 
igniting  tlio  hydrate,  nitrate,  or  carbonate  of  nickel.  It  is  soluble 
in  acids,  forming  nickel-salts,  which  are  green  when  in  solution 
or  when  they  contain  water  of  crystallisation,  yellow  when  per- 
fectly anhydrous.  Their  solution  reddens  litmus.  Hydrosulphuric 
acid  does  not  precipitate  nickel-salts  at  all  from  an  acid  solution  ; 
only  very  partially  from  a  neutral  solution  of  a  salt  of  a  mineral 
acid:  acetate  of  nickel,  or  any  nickel-salt  mixed  with  acetate  of 
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sodium,  it  precipitates  entirely  on  heating  the  solution,  unless 
^arge  excess  of  free  acetic  acid  be  present.  The  precipitateci 
sulphide,  Isi^S,  is  black,  difficultly  soluble  in  dilute  hydrochloric 
or  acetic  acid,  readily  soluble  in  nitric  acid,  or  aqua-regia. 
Sulphide  of  ammonium  precipitates  sulphide  of  nickel,  slightly 
soluble  in  the  reagent,  forming  a  dark-brown  solution,  whence 
the  sulphide  is  precipitated  by  boiling.  (Hence,  if  the  filtrate 
from  the  sulpliide  of  ammonium  precipitate  has  a  brown  colour, 
it  is  a  sign  of  the  probable  presence  of  nickel.)  Hydrocyanic  acid 
precipitates  all  the  nickel  as  greenish-white  cyanide,  CNNi,  from 
acetate  of  nickel,  or  from  any  nickel-salt  mixed  Avith  sufficient 
acetate  of  sodium.  Cyanide  of  potassium  precipitates  the  cyanide 
from  all  nickel-salts  :  excess  of  the  reagent  dissolves  the  cyanide 
of  nickel,  forming  a  soluble  double  cyanide  of  nickel  and  potas- 
sium, which  is  decomposed  by  dilute  sulphuric  or  hydrochloric 
acid,  hydrocyanic  acid  being  evolved,  and  cyanide  of  nickel  pre- 
cipitated, which  requires  boiling  with  excess  of  acid  for  its 
conversion  into  a  soluble  nickel-salt.  Ferrocyanide  of  potassium 
gives  a  greenish  white  precipitate, _/e7*Wc?/öwe</e  a  yellowish-green 
precipitate,  both  insoluble  in  hydrochloric  acid.  Phosphate  or 
arsenate  of  sodium,  gives  a  greenish-white  precipitate  of  phos- 
]3hate  or  arsenate  of  nickel.  Oxalic  acid  gradually  precipitates  all 
the  nickel  as  greenish-white  oxalate,  soluble  in  ammonia  :  when 
this  solution  is  exposed  to  the  air,  the  oxalate  of  nickel  slowly 
separates  out.  Alkaline  carbonates  precipitate  an  apple-green 
basic  carbonate,  soluble  in  excess  of  carbonate  of  ammonium  to  a 
greenish-blue  solution.  Potash  precipitates  apple-green  hydrate, 
NiHO,  insoluble  in  excess,  soluble  in  ammoniacal  salts.  Ammofiia 
does  not  precipitate  nickel-salts  when  free  acid  or  chloride  of 
ammonium  is  present :  from  neutral  solutions  it  partially  pre- 
cipitates the  hydrate,  Avhich  is  soluble  in  excess,  forming  a  blue 
solution,  whence  the  hydrate  is  precipitated  on  the  addition  of 
sufficient  potash.  If  but  little  nickel  be  present,  the  ammoniacal 
solution  becomes  distinctly  blue  only  after  long  exposure  to  the 
air.  All  soluble  nickel-salts  are  decomposed  by  heat,  and  are 
then  not  entirely  soluble  in  water. 

b.  Scsquioxide  of  Nickel,  Wi'^O^.  —  The  hydrate  is  obtained 
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when  chlorine  is  passed  through  water  in  which  hydrate  of  Jiickel 
is  suspended,  or  through  a  solution  of  a  nickel-salt  mixed  witli 
carbonate  of  barium,  or  through  a  solution  of  cyanide  of  nickel 
in  presence  of  free  alkali.  Excess  of  dilute  hydrochloric  acid 
hinders  its  formation,  decomposing  it  into  chloride  of  nickel  and 
free  chlorine.  (On  this  reaction  depends  a  process  for  the  sepa- 
ration of  nickel  from  cobalt.)  It  is  a  very  unstable  compound  : 
being  decomposed  by  heat  into  protoxide  and  free  oxygen  ;  and 
by  acids  into  a  protosalt  of  nickel,  and  chlorine  (by  hydrochloric 
acid)  or  oxygen  (by  other  acids). 

Blowpipe  reactions.  —  All  nickel-salts,  when  heated  with  car- 
bonate of  sodium  on  charcoal  in  the  inner  flame,  are  easily  reduced 
to  a  grey  metallic  powder,  which  is  attracted  by  the  magnet. 
AVith  borax  they  give,  in  the  outer  flame,  a  clear  bead,  which  is 
hyacinth-red  when  hot,  and  pale-  or  dark-yellow  (according  to 
the  quantity  of  nickel  present)  on  cooling:  the  addition  of  nitrate 
or  any  other  salt  of  potassium  gives  a  blue  or  dark-purple  colour 
to  the  bead.  In  the  inner  flame  the  bead  becomes  grey  and 
opaque,  owing  to  the  reduction  of  the  metal.  With  microcosmic 
salt  they  give  in  both  flames  a  clear  bead  Avhich  is  dark-yeilow 
when  hot,  and  almost  colourless  when  cool. 

Separation  and  estimation  of  Nickel.  —  For  the  analysis  of 
arsenide  of  nickel  (natural  or  artificial)  or  of  other  ores  Avhich 
contain  nickel  and  cobalt  with  other  metals,  the  finely  powdered 
compound  is  fused  with  6  times  its  weight  of  a  mixture  of  eqn;il 
portions  of  nitre  and  carbonate  of  sodium,  the  alkaline  arsenate 
tlius  formed  extracted  by  water,  and  the  remaining  oxides 
dissolved  in  hydrochloric  acid.  Or  the  compound  may  be  fused 
with  three  times  its  weight  of  sulphur  and  carbonate  of  potassium, 
the  alkaline  sulpharsenate  formed  extracted  Avith  water,  and  the 
residual  sulphides  dissolved  in  hydrochloric  acid  with  gradual 
addition  of  nitric  acid.  The  acid  solution  in  either  case  is  then 
nearly  neutralised  with  carbonate  of  sodium,  acetate  of  sodium 
added,  and  the  whole  heated  to  boiling,  when  all  the  iron  is  pre- 
cipitated. The  filtrate  is  acidulated  Avith  hydrochloric  acid, 
saturated  Avith  hydrosulphuric  acid  (to  remove  copper,  bismutli, 
&c.),  and  filtered:  the  filtrate  heated  to  expel  hydrosulphuric 
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acid,  and  the  cobalt  and  nickel  precipitated  by  carbonate  of  so- 
dium, and  separated  by  one  of  the  methods  hereafter  described. 
Or  the  compound  is  dissolved  in  concentrated  liydrochloric  acid, 
with  gradual  addition  of  nitric  acid,  lieated  to  boiling,  nearly  neu- 
tralised Avith  carbonate  of  sodium,  with  addition  of  acetate  of  so- 
dium, and  (unless  the  precipitate  formed  has  a  reddish-brown 
colour)  of  sesquicldoride  of  iron  also,  the  whole  boiled  for  a  time, 
and  then  filtered  from  the  basic  arsenate  of  iron  :  the  filtrate,  which 
is  free  from  arsenic  and  iron,  is  then  treated  as  before.  To  obtain 
pure  metallic  nickel,  the  solution  containing  nickel,  cobalt  (and 
iron),  is  treated  Avith  acid  oxalate  of  potassium,  which  precipitates 
the  oxalates  of  nickel  and  cobalt :  these  are  thoroughly  washed, 
dissolved  in  ammonia,  and  the  solution  allowed  to  evaporate  spon- 
taneously, Avhen  the  oxalate  of  nickel  separates  out  first,  while  the 
cobalt-salt  remains  dissolved,  forming  a  red  solution.  On  igniting 
the  oxalate  of  nickel  pure  metallic  nickel  is  obtained.  This  re- 
action serves  to  detect  very  small  traces  of  cobalt  in  presence  of 
nickel,  but  it  will  not  effect  an  accurate  quantitative  separation 
of  the  two  metals. 

Isickel  is  separated  from  all  the  metals  of  Group  I.  by  the  non- 
precipitation  of  its  sulphide  from  an  acid  solution. 

Nickel  is  estimated  as  protoxide.  Potash  completely  pre- 
cipitates nickel  from  its  salts  as  hydrate  (if  the  solution  be  heated): 
and  the  hydrate,  when  washed  with  hot  water,  dried,  and  ignited, 
is  converted  into  protoxide. 

2.  CoSjaU.    Co.    Atomic  weight,  30. 

Occurs  as  sulphate :  as  arsenate :  as  arsenide :  as  sulpharsenido 
(cobalt-glance):  and  generally,  in  small  quantity,  in  nickel-  and 
iron-ores.  It  is  a  grey  metal;  somewhat  malleable  and  magnetic. 
It  is  not  oxidised  by  the  air,  except  at  a  high  temperature. 
Heated  in  chlorine,  it  takes  fire,  and  is  converted  into  blue 
crystalline  scales  of  chloride,  CoCl. 

Oxides  of  Cobalt.  Protoxide,  Co-O.  Sesquioxide,  Co'^O^. 
Cobalt  also  forms  other  intermediate  oxides. 

a.  Protoxide  of  Cobalt,  Co^O.  —  An  olive-green  powder,  ob- 
tained by  gently  igniting  the  hydrate  or  carbonate  out  of  con- 
tact with  the  air.    The  hvdrate  is  of  a  rose-red  colour.  Both 
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the  oxide  andliyilrate  are  readily  soluble  in  acids,  forming  cohalt- 
sails,  which  are  red  Avhen  in  solution,  or  when  they  contain  water 
of  crystallisation,  blue  when  anhydrous,  or  when  in  solution  in 
concentrated  free  acid.    With  hi/drosulphiiric  acid  and  sulphide 
of  ammonium,  cobalt-salts  behave  precisely  like  nickel-salts:  the 
black  sulphide,  Co^S,  is  insoluble  in  sulphide  of  ammonium  :  Avhen 
once  formed  it  is  very  dilHoultly  soluble  in  dilute  hydrochloric  of 
sulphuric  acid,  or  in  acetic  acid.     (Hence  if  a  black  residue 
remains  undissolved  when  the  sulphide  of  ammonium  precipitate 
is  treated  with  hydrochloric  acid,  it  is  probably  sulphide  of  cobalt). 
A  solution  of  a  cobalt-salt  mixed  with  acetate  of  sodium  is  com- 
pletely precipitated  by  hydrosulphuric  acid  on  heating,  more 
easily  than  a  nickel-salt  in  similar  circumstances.  (Separation  of 
cobalt  and  nickel  from  manganese.)    When  nitrite  of  potassium 
is  added  to  a  solution  of  a  cobalt-salt  acidulated  with  acetic  or 
dilute  nitric  acid,  the  wiiole  of  the  cobalt  is  precipitated  as  a 
yellow  crystalline  compound,  which  is  decomposed  by  hot  nitric 
or  hydrochloric  acid,  or  by  potash,  very  difficultly  soluble  in 
water,  insoluble  in  potassium-salts,  and  strong  alcohol:  hence  the 
precipitate  is  best  washed  first  with  acetate  of  potassium,  then 
with  alcohol.  This  reaction  is  said  by  Strom  oyer  to  serve  for  the 
separation  of  cobalt  from  nickeL    Cyanide  of  j)otassium  gives 
with  all  cobalt-salts  (or  liydrocyanic  acid  with  acetate  of  cobalt) 
a  reddish-brown  precipitate  of  cyanide,  CNCo,  soluble  in  excess 
of  cyanide  of  potassium,  in  ammonia,  or  chloride  of  ammonium, 
insoluble  in  water  or  dilute  acids.    If  the  cobalt  solution  contains 
free  acid,  (so  that  hydrocyanic  acid  is  set  free  on  the  addition  of 
cyanide  of  potassium,)  and  if  the  solution  of  cyanide  of  cobalt  in 
excess  of  cyanide  of  potassium  be  heated  for  a  time,  the  addition 
of  dilute  sulphuric  or  hydrochloric  acid  produces  no  precipitate, 
all  the  cobalt  being  converted  into  sesquicyanide  of  cobalt  and 
potassium  (cobalticyanide  of  potassium),  Cy^Co^Ks,  which  is  not 
decomposed  by  dilute  acids.     If  the  cobalt  solution  contain  any 
nickel,  the  addition  of  hydrochloric  acid  to  the  solution  of  cyanide 
in  cyanide  of  potassium  produces  a  greenish  precipitate,  Avhich 
always  contains  all  the  nickel,  but  only  all  the  cobalt  when  at 
least  3  atoms  of  nickel  are  present  for  every  2  atoms  of  cobalt :  in 
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which  case  the  precipitate  consists  of  pure  sesquicyanide  of 
cobalt  and  nickel,  Cy'Co'^Ni''.  If  a  larger  proportion  of  nickel  be 
present,  the  pi'ecipitate  contains  also  cyanide  of  nickel,  Avhicli  by 
prolonged  boiling  in  hydrochloric  acid  is  decomposed  into  hydro- 
cyanic acid  and  soluble  chloride  of  nickel.  If,  on  the  other  hand, 
a  larger  proportion  of  cobalt  be  present,  the  precipitate  consists  of 
sesquicyanide  of  cobalt  and  nickel,  and  some  cobalt  remains  in 
solution  as  sesquicyanide  of  cobalt  and  jiotassium.  The  pre- 
cipitate of  sesquicyanide  of  cobalt  and  nickel  (when  all  the 
cyanide  of  potassium  and  cyanide  of  nickel  present  have  been  de- 
composed by  boiling  in  hydrochloric  acid)  is  decomposed  by 
caustic  potash  into  hydrate  of  nickel  whicii  is  precipitated,  and 
sesquicyanide  of  cobalt  and  potassium  which  remains  in  solution. 
This  reaction  is  applied  as  follows  for  the  detection  of  nickel  in 
presence  of  cobalt.  The  solution  (which  must  not  contain  iron 
or  manganese)  is  slightly  acidulated  with  hydrochloric  acid, 
excess  of  cyanide  of  potassium  added,  and  the  whole  heated  to 
boiling:  if  a  precipitate  is  produced  by  the  addition  of  dilute 
sulphuric  or  hydrochloric  acid,  nickel  is  present.  A  solution 
containing  cobalt  as  sesquicyanide  of  cobalt  and  potassium  remains 
clear  when  mixed  with  an  alkali  and  saturated  with  chlorine  in 
the  cold:  if  a  trace  of  nickel  be  present  an  inky-black  solution  is 
produced.  Ferrocyanide  of  potassium  gives  with  cobalt-salts  a 
green,  ferricyanide,  a  red-brown  precipitate,  both  insoluble  in 
hydrochloric  acid.  Alkaline  phosp/iofes  and  arsenates  give  a 
peach-red  precipitate,  readily  soluble  in  acids.  Oxalic  acid  gives 
a  pale-rose  precipitate  of  oxalate  of  cobalt,  which  forms  slowly : 
it  is  soluble  in  ammonia,  and  the  oxalate  separates  out  again  on 
exposure  to  the  air,  but  much  more  slowly  than  the  oxalate  of 
nickel.  Alkaline  carbonates  precipitate  a  peach-red  basic  car- 
bonate, readily  soluble  to  a  red  solution  in  carbonate  of  ammonium, 
very  slightly  soluble  in  carbonate  of  potassium  or  sodium.  Potash 
precipitates  all  the  cobalt  as  a  blue  basic  salt,  which,  if  the  air  be 
excluded,  is  gradually  converted  into  rose-red  hydrate,  CoHO  ; 
this  change  is  facilitated  by  heat.  In  contact  with  the  air  it 
becomes  olive-green,  owing  to  the  formation  of  an  intermediate 
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to  a  red-brown  solution.  If  this  solution  mixed  witli  chloride  of 
ammonium  be  allowed  to  absorb  oxygen,  it  becomes  brown  ;  and 
on  boiling  it  in  strong  hydrochloric  acid  the  whole  of  the  cobalt 
is  precipitated  as  a  peculiar  compound,  having  the  formula  N'^H^" 
C13Co2.  (Claudet.  Chem.  Soc.  Qu.  J.  iv.  355.)  If  the  cobalt 
solution  contains  free  acid  or  an  ammoniacal  salt,  ammonia 
produces  onl}'-  a  red-brown  solution,  in  which  potash  gives  no 
precipitate.  All  soluble  cobalt-salts  are  decomposed  by  heat,  and 
after  ignition  are  not  completely  soluble  in  water. 

b.  Sesquioxide  of  Cobalt,  Co*0^  —  A  black  powder,  obtained  by 
gently  igniting  the  nitrate  of  cobalt.  When  heated  it  loses  oxy- 
gen, and  forms  an  intermediate  oxide.  The  sesquihydrate  is  a 
black  mass,  obtained  by  passing  cidoi-ine  through  water  in  which 
the  hydrate  is  suspended.  Sesquichloride  of  cobalt  is  formed  when 
a  vert/  dilute  solution  of  cobalt  containing  no  acid  but  hydrochloric 
is  completely  saturated  with  chlorine  in  the  cold:  from  this  solu- 
tion carbonate  of  barium  precipitates  sesquihydrate.  It  is  decom- 
posed by  most  acids,  with  formation  of  a  protosalt,  and  evolution 
of  oxygen  or  chlorine.  Acetic  acid  dissolves  it  without  decompo- 
sition, forming  a  dark-brown  solution,  whence  potash  precipitates 
the  sesquihydrate. 

Blowpipe  reactions.  —  Cobalt-salts  are  reduced  when  heated  on 
charcoal  with  carbonate  of  sodium  in  the  inner  flame,  cobalt  being 
separated  as  a  grey  magnetic  powder,  (c)  With  borax  or  micro- 
cosmic  salt  they  give  in  both  flames  a  dark-blue  bead,  the  colour 
of  which  is  scarcely  affected  by  the  presence  of  any  other  metal. 

Separation  and  estimation  of  Cobalt.  —  The  best  reactions  for 
the  qualitative  detection  of  cobalt  are  the  blowpipe  reaction,  and 
the  difficult  solubility  of  its  sulphide  in  dilute  hydrochloric  acid, 
in  which  it  is  less  soluble  than  the  sulphide  of  nickel.  The  least 
trace  of  cobalt  and  nickel  may  be  detected  in  iron-ores  or  other 
minerals  by  dissolving  the  substance  in  hydrochloric  acid,  saturat- 
ing the  acid  solution  with  hydrosulphuric  acid  (to  remove  the 
metals  of  Group  I.),  adding  sulphide  of  potassium  to  the  filtrate, 
and  washing  the  precipitated  sulphides  with  cold  dilute  hydro- 
chloric acid.  The  black  residue  (sulpliides  of  nickel  and  cobalt) 
is  tested  for  cobalt  by  the  blowpipe,  and  for  nickel  by  cyanide  of 
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potassium  in  its  acid  solution.  If  a  large  quantity  of  iron  be 
present,  it  is  best  to  remove  it  first  by  nearly  saturating  the  acid 
solution  with  carbonate  of  sodium,  and  boiling  with  acetate  of 
sodium.  Tlie  general  method  for  analysing  cobalt-ores  is  the  same 
as  that  described  in  the  case  of  nickel  (p.  143). 

The  separation  of  cobalt  from  nickel  is  very  difficult.  The 
best  method  is  that  given  by  H.  Rose.  The  metals,  or  their 
oxides,  are  dissolved  in  hydx'ochloric  acid,  the  solution  very  largely 
diluted  with  water,  and  chlorine  passed  through  it  in  the  cold  for 
several  hours  till  it  is  thoroughly  saturated.  The  chloride  of 
cobalt  is  thus  converted  into  sesquichloride,  the  chloride  of  nickel 
remaining  unchanged.  Carbonate  of  barium  is  then  added,  and 
the  Avhole  allowed  to  stand  for  twelve  or  eighteen  hours,  being 
shaken  up  from  time  to  time :  and  then  filtered.  The  precipitate 
is  washed  with  cold  water,  dissolved  in  boiling  hydrochloric  acid, 
freed  from  barium  by  sulphuric  acid,  and  the  cobalt  precipitated 
by  potash.  The  green  filtrate  is  also  treated  with  sulphuric  acid 
to  remove  any  barium  it  may  contain,  and  the  nickel  then  preci- 
pitated by  potash. 

Liebig's  method  is  based  on  the  reaction  with  cyanide  of  potas- 
sium above  described.    The  solution  of  the  two  metals  is  treated 
with  excess  of  potash  and  hydrocyanic  acid  (or  cyanide  of  potassium 
perfectly  free  from  cyanate)  till  the  precipitate  first  formed  is  re- 
dissolved.    The  solution  is  boiled  to  expel  free  hydrocj'anic  acid, 
and  mixed  while  Avarm  with  finely  divided  oxide  of  mercury, 
which  precipitates  all  the  nickel  as  hydrate  and  cyanide:  the  pre- 
cipitate, when  washed  and  ignited,  yields  pure  oxide  of  nickel. 
The  filtrate,  which  contains  all  the  cobalt  as  sesquicyanide  of 
cobalt  and  potassium,  is  neutralised  by  nitric  acid,  and  precipi- 
tated by  a  neutral  solution  of  subnitrate  of  mercury:  the  preci- 
pitate is  washed,  ignited,  and  heated  in  a  stream  of  hydrogen, 
Avhen  pure  metallic  cobalt  is  left.    Or  the  solution  of  the  cyanides 
in  cyanide  of  potassium  may  be  saturated  with  chlorine  in  the 
cold,  -vi-ith  occasional  addition  of  caustic  potash  or  soda:  the  whole 
of  the  nickel  is  thus  precipitated  as  sesquihydrate,  while  the  cobalt 
remains  in  solution. 

rV>K'ilf  la    hpsf.   P«timnfP(l    in  mpfnllip  ctnfp       Tt  it;  i^ronii-»!- 
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tated  by  potash  as  a  basic  salt,  which  is  converted  into  the  hydrate 
by  heat:  the  hydrate  is  washed  with  hot  water,  dried,  and  ignited 
in  a  stream  of  hydrogen,  and  the  reduced  metal  weighed. 

3.  Maiigasaese.    ^In.    Atomic  weight,  26. 

Found  as  sesquioxide  (braunite);  binoxide  (pyrolusite);  and  an 
intermediate  oxide  (Hausmannite):  as  sulphide,  carbonate,  silicate, 
&c.:  and  in  most  iron-ores.  It  is  a  greyish-Avhite,  brittle,  diffi- 
cultly fusible  metal.  It  is  readily  oxidised  by  exposure  to  moist 
air  at  the  ordinary  temperature,  forming  a  bLack  powder. 

Oxides  of  Manganese.  Protoxide,  Mn'O.  Sesquioxide,Mn'*0^. 
Binoxide,  Mn^O'^.  Manganic  Anhydride,  Mn^O^.  Permanganic 
Anhydride,  Mn'*0^. — There  are  also  two  intermediate  oxides, 
Manganoso-manganic  Oxide,  Mn^O'  (Mn-O  +  Mn^'O^),  found  native 
as  Hausmannite;  and  Mn^O^  (Mn^03  +  2Mn202),  found  native 
as  Varvicite. 

a.  Protoxide  of  Manganese.  Manganous  Oxide.Wn^O. — A  green 
powder,  obtained  by  igniting  any  of  the  higher  oxides  in  a  stream 
of  hydrogen.  It  readily  absorbs  oxygen  from  the  air,  turning 
brown.  It  is  not  reduced  by  ignition  in  a  stream  of  hydrogen. 
It  is  readily  soluble  in  acids,  forming  protosalts  of  manganese,  or 
manganous  salts,  which  are  either  colourless  or  of  a  pale  rose- 
colour:  they  are  mostly  soluble  in  water,  all  in  hydrochloric 
acid,  forming  colourless  solutions,  which  are  not  converted  into 
manganic  salts  by  exposure  to  the  air  or  boiling  with  nitric  acid. 
All  the  higher  oxides  of  manganese,  when  heated  with  hydro- 
chloric acid,  evolve  chlorine,  and  are  converted  into  the  chloride, 
MnCl:  hence  any  manganese  compound,  after  treatment  with 
hydrochloric  acid,  exhibits  the  reactions  of  a  manganous  salt. 
Manganous  salts  are  isomorphous  with  magnesium-salts.  Hydro- 
sulphuric  acid  does  not  precipitate  a  neutral  solution  of  a  man- 
ganous salt  containing  a  mineral  acid:  even  acetate  of  manga- 
nese is  precipitated  very  slowly  and  imperfectly,  and  not  at  all  il" 
free  acetic  acid  be  present,  (c)  Sulphide  of  ammonium  precipi- 
tates flesh-coloured  sulphide,  Mn"-S,  readily  soluble  in  acetic  acid, 
absorbing  oxygen  arid  turning  brown  on  exposure  to  the  air. 
Yellow  sulphide  of  ammonium  gives  a  yellowish-white  precipi- 
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täte,  Avliich  gradually  becomes  flesli-coloured  by  exposure  to  the 
air,  or  more  rapidly  on  heating.  Cyanide  of  potassium  gives  a 
whitish  precipitate,  soluble  in  a  large  excess  to  a  brown  solution, 
which  is  not  precipitated  by  sulphide  of  ammonium.  Ferrocy- 
anide  of  potassium  gives  a  reddish-white  precipitate,  soluble  in 
acids:  ferricyanide  of  potassium,  a  brown-yellow  precipitate,  in- 
soluble in  acids.  Alkaline  phosphates,  arsenates,  oxalates,  and 
carbonates,  give  white  precipitates.  Potash  precipitates  white 
hydrate,  MnHO,  insoluble  in  excess:  it  absorbs  oxygen  from  the 
air  and  turns  brown,  and  is  then  not  completely  soluble  in  chloride 
of  ammonium.  Ammonia  precipitates  white  hydrate  from  neutral 
solutions:  in  solutions  containing  free  acid  or  ammoniacal  salts,  it 
gives  no  precipitate  :  but,  if  sufficient  ammonia  be  added,  the 
solution,  on  exposure  to  the  air,  gradually  deposits  all  the  man- 
ganese as  brown  sesqui hydrate,  (c)  The  least  trace  of  a  man- 
ganous  salt  is  detected  by  heating  the  solution  with  a  little 
binoxide  of  lead  (or  minium)  and  nitric  add  (which  must  be  free 
from  hydrochloric  acid),  when  an  intense  purple-red  colour  is 
produced,  owing  to  the  formation  of  permanganic  acid:  the 
colour  is  readily  perceptible  when  the  excess  of  lead-oxide  has 
subsided.  This  is  the  most  delicate  test  for  manganese  in  the 
wet  way. 

b.  Sesquioxide  of  Manganese.  Manganic  Oxide.  Mn'^0^.  —  A 
black  powder,  soluble  in  some  acids  without  decomposition,  form- 
ing manganic  salts,  which  are  isomorphous  with  sesquisalts  of  iron 
and  aluminium.  Their  solution  is  red:  potash  precipitates  from 
it  black  sesquihydrate,  unless  chloride  of  ammonium  be  present. 
They  are  very  unstable,  being  reduced  to  manganous  salts  merely 
by  heating:  the  same  reduction  is  effected,  and  the  solution  de- 
colorised, by  hydrochloric,  sulphurous,  or  nitrous  acid,  by  any 
organic  compound,  &c.  When  any  oxide  of  manganese,  or  a  de- 
composable manganese-salt  is  heated  in  the  air,  manganoso-man- 
ganic  oxide,  Mn^O^  is  formed. 

c.  Binoxide  of  manganese,  Mn-O'^. — This  is  the  most  important 
native  ore  of  manganese.  It  is  a  black  eartliy  powder:  the 
hydrate  is  brown,  and  is  obtained  when  a  manganous  salt  is  pre- 
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plmrle  acid,  it  evolves  oxygen,  (3Mn202  =  Mn'^0»  +  02;  Mu20-'  + 
SOm-^SO'Mn'  +  OIP  +  O) :  Avhen  heated  with  liydrochloric 
acid,  it  evolves  chlorine  (Mn-O^ +  40111  =  2MnCl  +  20H2  + CP)  : 
with  oxalic  acid  it  evolves  carbonic  anhydride  (Mn202  +  2C-0'*H^ 
=  C20Oln-^  +  2C02  r  20H2).  In  all  these  reactions,  a  manganous 
salt  remains  in  solution. 

d.  Manyaiiic  Anhydride,  Mn^O^.  Manganic  Acid,  MM^W. — 
Tliis  compound  has  never  been  isolated.  It  is  only  known  in  a 
few  metallic  salts  {manganates).  Only  the  alkaline  manganates 
arc  soluble  in  water.  Manganate  of  potassium,  Mn-O^K-  is  formed 
when  a  manganese  compound  is  fused  with  excess  of  caustic  potash 
or  carbonate  of  potassium,  with  addition  of  a  little  nitre  :  it  forms 
a  green  mass  which  dissolves  in  Avater  to  a  green  solution.  On 
this  reaction  depends  one  of  the  most  delicate  tests  for  manganese 
{see  lilowpipe  reactions).  This  green  solution  is  very  unstable, 
rapidly  becoming  red  on  exposure  to  the  air,  owing  to  the  for- 
mation of  permanganic  acid  and  depositing  brown  bihydrate  :  this 
change  is  retarded  by  the  presence  of  excess  of  alkali.  Nitric, 
sulphuric,  or  hydrochloric  acid  effects  the  change  at  once  :  with 
hydrochloric  acid  the  red  solution  gradually  becomes  brown,  and, 
when  heated,  colourless,  manganous  chloride  being  formed.  Sul- 
phurous and  hydrosulphuric  acids,  and  other  reducing  agents, 
decolorise  the  solution. 

e.  Permanganic  Anhydride,  ]Mn'*0^.  Permanganic  Acid,  Mn* 
O'^rP.  Only  known  in  a  few  metallic  salts  {permanganates^ 
which  are  soluble  in  water,  forming  intense  purple-red  solutions. 
Permanganates  are  very  readily  reduced  by  organic  compounds, 
and  by  all  reducing  agents  {e.g.  hydrochloric,  sulphurous,  arsejiious, 
nitrous,  hydrosulphuric  acids,  protosalts  of  iron,  &c.),  the  solution 
being  first  turned  green  and  finally  decolorised.  On  its  reduction 
by  protosalts  of  iron,  is  founded  a  method  for  the  volumetric 
estimation  of  iron  (p.  257). 

Blowpipe  reactions. — (c)  All  manganese  compounds,  when 
finely  powdered  and  heated  on  platinum-foil  in  the  outer  flame, 
with  2  or  3  times  their  weight  of  carbonate  of  sodium  and  a  little 
nitre,  are  converted  into  manganate  of  sodium,  which  has  a  green 
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colour  when  cold.  If  the  fused  mass  is  brown,  too  little  nitre  or 
too  much  of  the  manganese  compound  has  been  taken.  The  best 
way  of  applying  the  heat  is  to  direct  the  liottest  portion  of  the 
flame  on  the  under-side  of  the  platinum-foil,  immediately  beneath 
the  mixture.  In  testing  for  traces  of  manganese  in  ores  which 
are  rich  in  iron,  it  is  best  to  treat  them  with  nitric  acid,  which 
dissolves  the  iron  as  sesquisalt,  to  nearly  saturate  the  solution 
with  carbonate  of  sodium,  and  precipitate  the  iron  by  acetate  of 
sodium  :  then  saturate  the  filtrate  with  ammonia,  add  one  drop  of 
sulphide  of  ammonium,  and  test  the  precipitated  sulphide  by 
fusion  with  nitre  and  carbonate  of  sodium.  With  borax  and 
microcosmic  salt  all  manganese  compounds  give  in  the  outer  flame 
a  clear  amethyst  bead,  which  is  rendered  colourless  in  the  inner 
flame.  The  amethyst  colour  is  most  distinct  in  the  borax  bead  : 
and  the  decolorisation  in  the  inner  flame  is  most  easily  effected  in 
the  microcosmic  bead.  If  so  little  manganese  be  present  that  the 
amethyst  colour  cannot  be  perceived,  the  microcosmic  bead  should 
be  heated  in  the  outer  flame,  and  brought  into  contact  while  still 
hot  with  a  crystal  of  nitre,  when  it  swells  up  to  a  spongy  mass  of 
a  violet  colour. 

Separation  ajid  estimation  of  Manganese.  —  Manganese  is  sepa- 
rated from  the  metals  of  Group  L  by  the  non-precipitation  of  its 
sulphide  from  an  acid  solution.  Its  separation  fi'om  cobalt  and 
nickel  is  not  easy.  The  best  method  is  to  convert  the  mixed  oxides 
into  chlorides  by  ignition  in  a  stream  of  chlorine,  and  to  ignite 
the  mixed  chlorides  in  a  stream  of  hydrogen,  when  the  cobalt  and 
nickel  are  reduced  to  the  metallic  state,  while  the  chloride  of 
manganese  remains  unaltered,  and  may  be  dissolved  out  by  Avater. 
An  easier  and  tolerably  accurate  method  is  to  separate  them  by 
hydrosulphuric  acid.  The  solution,  which  must  not  contain  much 
free  acid,  is  mixed  with  acetate  of  sodium  and  saturated  with 
hydrosulphuric  acid,  when  the  sulphides  of  cobalt  and  nickel  are 
precipitated,  while  the  sulphide  of  manganese  remains  dissolved. 
Or  the  mixed  oxides  are  converted  into  sulphides  by  ignition  in  a 
stream  of  hydrosulphuric  acid,  and  the  mixed  sulphides  treated 
with  very  dilute  cold  hydrochloric  acid,  which  dissolves  the 
sulphide  of  manganese  only.    The  separation  by  either  of  these 
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methods  may  be  rendered  almost  absolute  by  repeating  the  process 
two  or  three  times. 

Manganese  is  estimated  as  manganoso-manganic  oxide,  Mn'O". 
It  is  precipitated  by  carbonate  of  sodium,  the  precipitate  washed 
with  hot  water,  dried  and  ignited,  by  which  means  it  is  converted 
into  pure  Mn^'O'*,  and  so  weighed. 

4.  Iron.    Fe.    Atomic  weight,  28. 

One  of  the  most  abundant  of  the  metals.  It  is  found  combined 
witli  oxygen,  as  ferroso- ferric  oxide  (magnetic  iron-ore),  and  as 
sesquihydrate  or  sesquioxide  (red  and  brown  haematite,  specular 
iron-ore,  &c.):  as  bisulphide  (iron-pyrites):  as  carbonate  (spathic 
iron-ore):  and  in  many  other  combinations.  It  is  a  greyish-white 
metal,  highly  magnetic.  It  is  not  oxidised  by  dry  air  at  the  or- 
dinaiy  temperature:  but  in  moist  air  it  is  gradually  converted  into 
sesquihydrate.  Heated  in  the  air,  it  becomes  covered  with  a  film  of 
black  oxide.  It  is  readily  soluble  in  dilute  acids ;  but  nitric  acid  of  a 
certain  strength  does  not  dissolve  it  under  certain  circumstances. 

Oxides  of  Iron.  Protoxide,  Yq-0.  Sesquioxide,  Fe^O^.  Ferric 
Anhi/dride,  Fe-0-^  —  There  is  also  an  intermediate  oxide  betAveen 
the  protoxide  and  the  sesquioxide,  which  is  in  fiict  a  compound 
of  these  two  oxides:  its  formula  is  Fe^O^:  it  is  generally  called 
Ferroso-ferric  Oxide  or  Magnetic  Oxide. 

a.  Protoxide  of  Iron.  Ferrous  Oxide.  Fe^O. — Not  known  in  the 
separate  state.  The  hydrate,  FcHO,  is  precipitated  white  by  al- 
kalis from  a  protosalt  of  iron :  it  is  very  difficult  to  obtain  it  pure, 
as  it  oxidises  rapidly  by  exposure  to  the  air:  when  dried  it  has  a 
green  colour,  probably  owing  to  partial  oxidation.  Protosalts  of 
iron,  OY  ferrous  salts,  are  formed  by  dissolving  iron  in  acids.  They 
are  white  when  anhydrous;  but  bluish-green  when  in  solution,  or 
when  they  contain  water  of  crystallisation.  They  are  decomposed 
by  heat,  losing  their  acid,  and  being  converted  into  red-brown 
sesquioxide.  Even  in  the  solid  state  they  absorb  oxygen  from 
the  air:  in  solution  the  oxidation  is  much  more  rapid,  a  yellow 
basic  sesquisalt  separating  out,  while  the  solution  contains  both 
proto-  and  sesquisjilt.  This  solution  is  readily  and  completely 
converted  into  a  sesquisalt  by  boiling  with  nitric  acid;  or,  in  the 
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cold,  by  chlorine,  hypoclilorous  acid,  or  hydrochloric  acid  and 
chlorate  of  potassium.  The  first  action  of  nitric  acid  is  to  produce 
a  dark-brown  solution,  owing  to  nitric  oxide  being  dissolved  in 
the  unoxidised  portion  of  the  ferrous  salt :  on  adding  more  nitric 
acid,  or  on  heating,  so  as  to  oxidise  the  whole  of  the  ferrous  salt, 
the  dark-brown  colour  disappears,  nitric  oxide  being  evolved.  In 
order  to  avoid  the  separation  of  a  basic  sesquisalt  in  this  reaction, 
half  as  much  free  acid  as  is  already  contained  in  the  ferrous  salt 
must  be  added  to  the  solution. 

Hydrosulphuric  acid  does  not  precipitate  neutral  or  acid  solu- 
tions of  ferrous  salts:  even  acetate  of  iron  is  only  partially  preci- 
pitated. Sulphide  of  ammonium  precipitates  all  the  iron  as  black 
sulphide,  Fe^S,  insoluble  in  excess  unless  a  large  quantity  of  car- 
bonate of  sodium  be  present,  in  which  case  it  is  slightly  soluble. 
It  is  readily  soluble  in  dilute  hydrochloric  acid,  hydrosulphuric 
acid  being  evolved,  and  protochloride,  FeCl,  formed.  It  readily 
absorbs  oxygen  from  the  air  and  turns  brown :  hence  it  must  be 
■washed  Avith  water  from  which  the  air  has  been  expelled  by  boil- 
ing, and  to  which  a  few  drops  of  sulphide  of  ammonium  have  been 
added,  (c)  Ferrocyanide  of  potassium  gives  a  white  precipitate, 
Cy^Fe^K,  insoluble  in  hydrochloric  acid:  by  the  action  of  the  air 
or  of  any  oxidising  agent,  it  is  rapidly  converted  into  prussian 
blue,  Cy^Fe^.  Potash  decomposes  both  these  compounds,  separat- 
ing ferrous  hydrate  in  the  first  case,  and  ferric  hydrate  in  the 
second,  (c)  Ferricyanide  of  potassium  gives  a  dark-blue  precipi- 
tate of  Cy^Fe'\  insoluble  in  hydrochloric  acid,  decomposed  by  al- 
kalis. These  precipitates  do  not  form  in  an  alkaline  solution. 
Gallic  acid  gives  no  precipitate  with  pure  ferrous  salts.  Terchlo- 
ride  of  gold  and  nitrate  of  silver  are  reduced  by  ferrous  salts,  with 
separation  of  metallic  gold  and  silver.  Oxalic  acid  precipitates 
yellow  ferrous  oxalate,  insoluble  in  excess,  soluble  in  hydrochloric 
acid.  Alkaline  phosphates  and  carbonates  give  white  precipitates, 
which  become  dirty-green  by  exposure  to  the  air.  Caustic  al- 
kalis jDrecipitate  white  hydrate,  which  becomes  green  and  finally 
red-brown  by  exposure  to  the  air.  It  is  soluble  in  ciüoride  of 
ammonium:  hence  ammonia  gives  no  precipitate  in  a  ferrous  solu- 
tion containin";  sufficient  chloride  of  ammonium  ;  but  when  the 


PART  II. 


IRON. 


155 


solution  is  exposed  to  the  air,  red-brown  flakes  of  ferric  hydrate 
gradually  separate  out. 

b.  Sesquioxicle  of  Iron.  Ferric  Oxide.  Fe^O^.  — A  brown  pow- 
der, obtained  by  igniting,  at  a  moderate  red  heat,  the  sesqui- 
hydrate  obtained  by  precipitating  a  ferric  salt  by  ammonia.  At 
a  Avhite  heat  it  loses  oxygen,  and  is  converted  into  ferroso-ferric 
oxide,  Fe"0^.  It  is  soluble  in  acids  (more  slowly  after  ignition), 
forming  sesfjnisalts  of  iron,  or  ferric  salts.  Their  aqueous  solu- 
tion is  orange-red,  and  reddens  litmus :  if  it  contains  free  acid,  it 
is  yellow,  but  becomes  red  on  boiling.  On  boiling  a  very  dilute 
aqueous  solution,  almost  all  the  iron  separates  as  an  insoluble 
basic  salt.  Ht/drosnlphuric  acid  reduces  ferric  salts  to  ferrous 
salts,  with  separation  of  sulphur,  which  renders  the  solution  milky 
(2Fe2C13  +  SIP  =  4FeCl  +  2C1H  +  S).  The  same  reduction  is  ef- 
fected by  heating  a  ferric  salt  with  metallic  iron  or  zinc  (Fe^^CP 
+  Fe  =  3FeCl)  or  with  sulphurous  acid  {2Fe'^CP  +  SOn¥  +  OR- 
=  4FeCl  +  2ClII  + SO^H-).  Sulphide  of  am7nonium  also  reduces 
ferric  salts,  and  precipitates  protosulphide,  Fe-S,  mixed  with 
sulphur,  which  is  left  undissolved  on  addition  of  hydrochloric  acid. 
(c)  Ferroci/anide  of  potassium  pi-ecipitates  prussian  blue,  Cy^Fe^ 
(3Cy-*FeK2  +  2Fe-'C13=Cy'W  +  6ClK),  insoluble  in  hydrochloric 
acid,  decomposed  by  potash  into  ferrocyanide  of  potassium  and 
ferric  hydrate.  Ferrici/ayiide  of  potassium  gives  no  precipitate  or 
change  of  colour,  unless  a  trace  of  protosalt  be  present,  in  which 
case  a  dark-coloured  solution  is  produced,  (c)  Sulphocyanate  of 
potassium  gives  a  dark-red  colour  even  in  very  dilute  ferric 
solutions,  which  is  not  destroyed  by  hydrochloric  acid,  but  dis- 
appears on  the  addition  of  chloride  of  mercury,  or  of  tartaric  or 
phosphoric  acid,  and  is  partially  reproduced  on  addition  of  hydro- 
chloric acid.  Gallic  acid  gives  a  bhiish-black  precipitate,  soluble 
in  free  acids.  Oxalate  of  potassium  precipitates  yellow  ferric 
oxalate,  soluble  in  free  oxalic  acid.  Phosphate  or  arsenate  of  sodium 
gives  a  white  precipitate  of  ferric  phosphate  or  arsenate,  insoluble 
in  acetic  acid,  soluble  in  ferric  acetate  or  chloride,  or  in  ammonia 
in  presence  of  excess  of  phosphate  of  sodium.  Carbonate  of  barium 
precipitates  ferric  salts  completely  in  the  cold:  benzoate  or  succin- 
ate of  ammonium  also  precipitates  all  the  iron  from  a  neutral  ferric 
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solution.  These  reagents  do  not  precipitate  ferrous  salts  at  all  in 
the  cold.  Caustic  alkalis  and  alkaline  carbonates  precipitate 
red-brown  ferric  hydrate,  insoluble  in  excess,  (except  in  excess  of 
carbonate  of  ammonium,)  even  in  presence  of  ammoniacal  salts. 
The  precipitate  always  contains  some  alkali,  which  cannot  be 
entirely  removed  by  washing.  Non-volatile  organic  bodies  {e.g. 
tartaric  acid,  sugar,  &c.)  hinder  this  precipitation,  but  not  that  by 
sulphide  of  ammonium.  Soluble  ferric  salts  are  decomposed  by 
ignition  in  the  air. 

The  reactions  with  ferro-  and  ferricyanide  of  potassium,  and 
with  sulphocyanate  of  potassium,  enable  us  to  detect  ferrous  and 
ferric  salts  in  presence  of  each  other.  Their  separation  is  effected 
by  carbonate  of  barium  in  the  cold,  or  by  benzoate  or  succinate  of 
ammonium  in  a  perfectly  neutral  solution  (the  air  being  excluded 
as  far  as  possible)  which  precipitates  ferric  salts  completely,  while 
ferrous  salts  remain  in  solution.  The  best  way  to  obtain  a  per- 
fectly neutral  solution  is  to  add  ammonia  drop  by  drop,  continually 
stirring  the  solution,  until  the  slightest  possible  permanent  pre- 
cipitate is  formed. 

Ferroso-ferric  Oxide,  or  3Iagnetic  Oxide,  Fe^O^  (as  well  as  an- 
other intermediate  oxide,  known  as  Scale-oxide,  Fe"'0^  obtained 
by  heating  iron  to  redness,  in  contact  with  the  air)  is  soluble  in 
hydrochloric  acid :  caustic  alkalis  precipitate  black  ferroso-ferric 
hydrate  from  this  solution.  In  other  respects  the  solution  behaves 
like  a  mixture  of  ferrous  and  ferric  chloride. 

c.  Ferric  Anhydride,  Yq^O'^.  Ferric  acid,  Fe^O^H^  —  This  com- 
pound has  never  been  obtained  in  the  separate  state.  It  is  only 
known  in  its  alkaline  salts,  which  are  obtained  in  the  same  way 
as  the  manganates.  Their  solution  is  of  a  fine  red  colour:  they 
are  reduced  even  more  readily  than  the  manganates,  with  separa- 
tion of  ferric  hydrate. 

Bloiopipe  reactions.  —  All  iron-salts  are  reduced  when  heated 
on  charcoal  with  carbonate  of  sodium  in  the  inner  flame,  metallic 
iron  being  obtained  as  a  magnetic  powder.  With  borax  they 
give  in  the  outer  flame  a  bead  Avhich,  according  to  the  quantity 
of  iron-salt  present,  is  red  or  yellow  when  hot,  yellow  or  colour- 
less when  cool :  in  the  inner  flame  they  give  a  bottle-green  bead. 
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With  microcosmic  salt  they  give  in  the  outer  flame  a  bead  Avhich 
is  yellowish-red  when  hot,  colourless  when  cool :  in  the  inner 
flame  no  coloration  is  produced  unless  a  considerable  quantity  of 
iron-salt  bo  employed,  when  the  bead  is  red  Avhile  hot,  and  reddish 
when  cool. 

Separation  and  estimation  of  Iron. — Most  native  compounds  of 
iron  are  dissolved  by  concentrated  hydrochloric  acid  ;  some  re- 
quire the  addition  of  nitric  acid.  Iron-scoriae,  which  consist  of 
ferrous  silicates,  are  decomposed  by  hydrochloric  acid  :  ferric 
silicates,  which  are  not  attacked  by  acids,  are  fused  with  car- 
bonate of  potassium  and  sodium.  For  the  detection  of  the  foreign 
elements  contained  in  cast-iron  (which  seldom  amount  to  more 
than  5  p.  c.)  the  residue  left  after  dissolving  the  iron  in  dilute 
sulphuric  acid  is  usually  em{)loyed :  it  contains  generally  silicon, 
carbon,  carbide,  phosphide,  and  arsenide  of  iron,  chromium,  vana- 
dium, molybdenum,  and  sometimes  cobalt. 

Iron  is  separated  from  the  metals  of  Group  I.  by  the  non-pre- 
cipitation of  its  sulphide  from  an  acid  solution.  For  its  separation 
from  nickel^  cobalt,  and  manganese,  the  following  is  the  best  process. 
The  solution  of  the  metals  in  hydrochloric  acid  is  thoroughly 
saturated  with  chlorine,  in  order  to  convert  the  whole  of  the  iron 
into  sesquisalt,  and  then  boiled,  in  order  to  reduce  to  protosalts 
any  sesquisalts  of  the  other  metals  which  may  have  been  formed. 
The  solution  is  then  carefully  neutralised  with  ammonia,  chloride 
of  ammonium  having  been  added  in  order  to  prevent  the  precipi- 
tation of  any  of  the  protoxides.  (If  the  solution  be  very  acid, 
sufiicient  ammoniacal  salt  will  be  formed  in  the  process  of  neutral- 
isation.) Succinate  of  ammonium  is  then  added,  which  precipi- 
tates tlie  iron  alone  as  ferric  succinate  :  the  precipitate  is  washed, 
dried,  and  ignited  in  an  open  platinum  crucible,  with  full  access 
of  air,  in  order  to  prevent  any  reduction  of  iron  by  the  carbon  of 
the  organic  acid.  Should  any  iron  be  so  reduced,  it  must  be  re- 
oxidised  by  nitric  acid.  The  sesquioxide  of  iron  is  then  weighed. 
The  success  of  this  method  depends  on  the  exact  neutralisation  of 
the  solution  :  this  is  ensured  by  adding  ammonia  drop  by  drop  to 
the  point  when  a  permanent  precipitate  is  first  formed.  The  iron 
may  be  precipitated  by  carbonate  of  barium  in  the  cold,  instead 
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of  by  succinate  of  ammonium  :  the  precipitate  is  dissolved  in 
hydrochloric  acid,  the  barium  removed  by  sulphuric  acid,  and  the 
iron  tlirown  down  by  ammonia.  In  the  case  of  cobalt,  however, 
carbonate  of  barium  does  not  answer  so  well  as  succinate  of 
ammonium. 

Iron  is  always  estimated  as  sesquioxide.  It  is  precipitated  by 
ammonia  as  sesquihydrate,  which,  when  dried  and  ignited,  leaves 
pure  sesquioxide.  If  potash  be  employed  as  the  precipitant,  the 
precipitate  always  contains  some  alkali,  which  cannot  be  removed 
by  washing,  but  only  by  dissolving  the  sesquioxide  in  hydrochloric 
acid,  and  reprecipitating  by  ammonia.  If  any  organic  mutter  bo 
present,  which  would  prevent  the  precipitation  of  ferric  oxide  by 
ammonia,  the  ii'on  must  be  precipitated  as  sulphide,  the  sulphide 
dissolved  in  nitric  acid,  and  the  solution  precipitated  by  ammonia. 

5.  Zinc.    Zn.    Atomic  weight,  32-5. 

Found  chiefly  as  sulphide  (zinc-blende):  as  carbonate  (cala- 
mine) :  as  silicate  (zinc-glance).  It  is  a  bluish-white  metal, 
malleable  when  pure,  easily  fusible.  It  is  not  oxidised  by  dry 
air  at  the  ordinary  temperature  :  in  contact  with  water  and  air 
containing  carbonic  acid  it  is  gradually  converted  into  a  mixture 
of  hydrate  and  carbonate  of  zinc.  Heated  in  the  air  it  burns  with 
a  bright  bluish  flame,  forming  oxide  of  zinc.  It  is  volatile,  and 
may  be  distilled.  It  is  soluble  not  only  in  mineral  acids,  but 
ef  en  in  many  organic  acids :  also,  to  a  certain  extent,  in  caustic 
alkalis. 

Oxide  of  Zinc.  Zinc-oxide,  Zn^O. — A  white  powder,  obtained 
by  the  combustion  of  the  metal  in  the  air.  When  heated,  it 
assumes  a  yellow  tinge,  but  becomes  white  again  on  cooling.  It 
is  not  volatile.  It  is  readily  soluble  in  acids,  forming  zinc-salts: 
soluble  also  in  alkalis.  Zinc-salts  are  colourless,  and  give  colour- 
less solutions.  Hydrosulphuric  acid  gives  with  neutral  solutions 
of  zinc-salts  a  white  precipitate  of  sulphide,  which  does  not 
contain  all  the  zinc:  in  solutions  containing  sufficient  free  hydro- 
chloric acid  there  is  no  precipitate.  Acetate  of  zinc,  or  any  zinc 
solution  mixed  with  acetate  of  sodium,  is  completely  precipitated 
bv  hvdrosulphuric  acid,  even  if  a  lartre  ouantitv  of  free  acetic 
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acid  is  present.  Sulphide  of  zinc  is  insoluble  in  caustic  alkalis. 
Sulphide  of  ammonium  precipitates  zinc  solutions  completely. 
Cyanide  of  potassium  precipitates  white  cyanide,  soluble  in  excess, 
not  reprecipitated  by  sulphide  of  ammonium.  Ferrocyanide  of 
potassium  gives  a  white  precipitate,  insoluble  in  hydrochloric  acid. 
Oxalic  acid  and  phosphate  of  sodium  precipitate  white  oxalate 
and  phosphate,  soluble  in  acids  and  alkalis :  the  phosphate  is  not 
precipitated  in  presence  of  chloride  of  ammonium  and  ammonia. 
Fixed  alkaline  carbonates  precipitate  a  white  basic  carbonate, 
insoluble  in  excess,  soluble  in  alkalis:  chloride  of  ammonium 
hinders  this  precipitation  in  the  cold.  Potash,  ammonia,  and 
carbonate  of  ammonium  give  white  precipitates,  soluble  in  excess, 
reprecipitated  on  diluting  with  water  and  boiling:  soluble  also 
in  chloride  of  ammonium,  (c)  Hydrosulphuric  acid  precipitates 
the  sulphide  from  these  solutions.  Most  zinc-salts  are  decomposed 
by  heat,  zinc-oxide  being  left. 

Blowpipe  reactions. — All  zinc  compounds,  when  heated  on 
charcoal  with  carbonate  of  sodium  in  the  inner  flame,  give  an 
incrustation  of  zinc-oxide,  which  is  yellow  while  hot,  but  white 
on  cooling  :  it  is  not  volatile  in  the  outer  flame.  With  borax  or 
niicrocosmic  salt  they  give  in  both  flames  a  bead  which  is  yellowish 
while  hot,  white  on  cooling,  and  opaque  if  much  zinc-salt  be 
present.  If  the  colourless  bead,  or  the  white  incrustation,  be 
moistened  with  a  dilute  solution  of  nitrate  of  cobalt,  and  strongly 
heated  in  the  outer  flame,  a  fine  green  colour  is  produced. 

Separation  and  estimation  of  Zinc.  —  All  zinc-ores  are  decom- 
posed by  digestion  in  hydrochloric  acid,  except  the  sulphide,  which 
requires  aqua-regia.  The  qualitative  detection  of  zinc  is  very 
easy  :  the  precipitation  of  the  solution  of  its  hydrate  in  an  alkali 
by  sulphide  of  ammonium  is  quite  characteristic  of  zinc. 

From  the  metals  of  Group  I.  zinc  is  separated  by  the  non-pre- 
cipitation of  its  sulphide  from  an  acid  solution.  From  iron,  by 
succinate  of  ammonium,  or  carbonate  of  barium,  as  described  in  the 
case  of  manganese  (p.  157).  Y vom  mangayiese  by  converting  the 
metals  into  acetates,  adding  free  acetic  acid,  and  saturating  with 
hydrosulphuric  acid,  which  precipitates  the  sulphide  of  zinc  only. 
If  any  mineral  acids  be  present  in  the  solution,  they  must  be  re- 
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moved  by  precipitating  the  metals  by  carbonate  of  sodium,  and 
dissolving  the  washed  precipitate  in  acetic  acid  ;  or,  if  the  acids 
are  volatile,  by  boiling  the  solution  with  sulphuric  acid,  and  de- 
composing the  sulphates  thus  formed  by  acetate  of  barium.  From 
cobalt  and  nickel,  zinc  may  be  separated  in  the  same  manner  as 
from  manganese,  but  the  quantity  of  free  acetic  acid  must  be 
very  large:  or  the  mixture  of  the  three  oxides  (obtained  by  adding 
carbonate  of  sodium  to  their  solution,  evaporating  to  dryness,  ex- 
tracting with  water,  and  washing  and  igniting  the  residue)  may 
be  heated  in  a  stream  of  dry  hydrogen  as  long  as  any  water  is 
formed,  when  the  cobalt  and  nickel  are  reduced  to  the  metallic 
state,  while  the  oxide  of  zinc  remains  undecomposed  and  may  bo 
dissolved  out  by  digestion  in  a  concentrated  solution  of  carbonate 
of  ammonium.  Zinc  may  also  be  separated  from  cobalt  and  man- 
ganese by  the  conversion  of  the  latter  metals  into  sesquisalts  by 
satui-ating  their  solution  with  chlorine,  and  then  precipitating 
tliem  by  carbonate  of  barium  in  the  cold.  Zinc  may  be  separated 
from  7iickel  by  mixing  the  concentrated  solution  with  excess  of 
potash  and  then  with  hydrocyanic  acid,  so  that  the  two  metals 
are  dissolved  as  double  cyanides.  From  this  solution  sulphide  of 
potassium  (not  sulphide  of  ammonium)  completely  precipitates  the 
zinc  as  sulphide :  the  filtrate  is  boiled  with  aqua-regia,  and  the 
nickel  precipitated  by  ammonia  as  hydrate. 

Zinc  is  estimated  as  oxide.  It  is  precipitated  by  boiling  with 
excess  of  carbonate  of  sodium  :  or,  as  a  basic  salt  may  be  formed 
in  this  way,  it  is  better  to  pour  the  zinc  solution  into  the  boiling 
alkaline  carbonate.  The  precipitate,  when  washed,  dried,  and 
ignited,  yields  zinc-oxide.  If  the  zinc  solution  contains  ammoniacal 
salts,  they  must  be  removed  by  boiling  with  enough  alkaline 
carbonate  to  decompose  them,  evaporating  to  dryness  as  quickly 
as  possible,  dissolving  out  the  soluble  salts  in  a  large  quantity  of 
water,  and  collecting  the  residual  carbonate  of  zinc  on  a  filter. 
"When  zinc  is  precipitated  by  sulphide  of  ammonium,  the  solution, 
if  acid,  must  first  be  neutralised  by  ammonia:  the  sulphide  must 
be  allowed  to  subside  before  filtration,  as  otherwise  it  would  stop 
up  the  filter :  it  is  then  washed  with  water  containing  a  little 
siilnhide  of  ammonium,  dissolved  in  hvdrochloric  acid,  and  the 
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G.  Uranium.    U.    Atomic  weight,  60. 

Occurs,  not  ahmulantlv,  as  impure  uranoso-uranic  oxide  (pitch-blende)  : 
as  uranic  hyilrate  (uran-ochre)  :  as  phosphate  of  uranium  and  copper 
(uranite),  &c.  It  is  generally  obtained  as  a  black  powder,  occasionally 
in  smnll  compact  plates,  of  a  silvery  lustre  and  slightly  malleable.  It  is 
not  oxidised  by  the  air  at  the  ordinary  temperature.  Heated  in  the  air 
it  burns  vividly,  forming  green  uranoso-uranic  oxide. 

Oxides  of  Uranium.  Protoxide,  U'-O.  Sesquioxide,  U'O^.  —  There 
is  also  an  intermediate  oxide,  uranoso-uranic  oxide,  U''0\  which  is  a 
compound  of  protoxide  and  sesquioxide. 

a.  Protoxide  of  Urauiuin.  Uraiions  Oxide.  U'O.  —  A  grey  powder, 
obtained  from  uranoso-uranic  oxide  by  igniting  it  in  a  stream  of  iiydrogen, 
or  by  heating  it  strongly  in  a  blast-furnace  in  contact  with  charcoal :  also 
by  reducing  uranic  oxalate  by  hydrogen.  The  oxide  is  soluble  only  in 
strong  su][>iuiric  or  nitri(!  acid.  Tlie  hydrate,  UIIO,  is  soluble  in  acids, 
forming  nranous  salts.  These  are  green  :  in  solution  they  are  readily 
converted  into  uranic  salts  bv  exposure  to  the  air  or  by  treatment  with 
nitric  acid.  Sidjjhide  of  cnninoiiinm  precipitates  from  them  black  uranous 
sulphide  :  caiustic  alkalis  precipitate  red-brown  uranous  hydrate. 

b.  Sesf/nioxide  of  Uruninm.  Uranic  Oxide.  U''0''.  —  A  brick-red 
powder,  obtained  by  heating  yellow  uranic  hydrate  to  about  300°.  When 
ignited  it  loses  oxygen  and  is  converted  into  uranoso-uranic  oxide.  The 
hydrate  is  soluble  in  acids,  forming  iminic  salts,  which  are  yellow  and 
mostly  soluble  in  water  to  yellow  solutions.  Uranic  oxide. also  forms 
coni[)Ound3  with  alkalis.  Hydrosulphiiric  acid  gives  no  precijiitate  with 
uranic  salts,  Init  reduces  them  to  uranous  salts;  the  same  reduction  is 
effected  by  alcohol  or  ether  in  the  sunshine.  Sulphide  of  ammonium  pre- 
cipitates brown  uranic  sulphide,  insoluble  in  excess,  which  deposits  very 
slowly.  Ferrocijniiide  of  potassium  gives  a  red-brown  ])recipitate,  which 
is  decomposed  by  caustic  potash  into  ferrocyanide  of  potassium  and  a 
yellow  compound  of  uranic  oxide  with  potash.  Phosphate  and  arsenate 
of  sndiiiiii  and  oxalic  acid  give  yellowish- white  precipitates,  unless  much 
free  acid  is  present.  Succinate  of  ammonium  or  carbonate  of  barium  pre- 
cipitates uranic  salts  completely  in  the  cold.  Alkaline  cui-bonates  give 
pale  yellow  precipitates,  soluble  in  execs*,  especially  of  carbonate  of  mn- 
monium,  reprecipitated  by  potash,  or  by  boiling  the  solution.  Caustic 
alkalis  precipitate  yellow  com))ounds  of  uranic  oxide  with  the  alkali, 
insoluble  in  excess.  Metallic  zinc  does  not  reduce  metallic  uranium  fi-om 
uranic  salts,  but  after  a  long  time  produces  a  yellow  i)recipitate  of  uranic 
o.xide.    Soluble  uranic  salts  are  decomposed  by  ignition  in  the  air. 

Uranoso-uranic  Oxide,  U^O*  is  a  green  powder,  oblaine<l  by  igniting 
uranic  oxide,  or  burning  the  metal  in  the  air.  It  is  soluble  in  aeiiir, 
fornung  green  solutions,  whose  reactions  are  intermediate  between  those 
of  uranous  and  uranic  salts. 

Blowpipe  reactions.  —  Uranic  oxide  is  not  dissolved  or  reduced  when 
heated  on  charcoal  with  carbonate  of  sodium  in  the  inner  flame.  AVith 
borax  and  tnicrocosmic  salt  it  gives  in  the  outer  llame  a  clear  bead,  which 
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is  yellow  while  hot,  yellowish-green  on  cooling :  in  the  inner  flame  the 
bead  is  green  when  hot,  and  a  still  purer  green  when  cool. 

Separation  and  estimation  of  Uranium, — -Uranium  is  detected  qualita- 
tively by  its  precipitation  by  sulphide  of  ammonium  and  by  alkalis,  even 
in  presence  of  chloride  of  ammonium  :  and  by  the  solubility  of  uranic 
hydrate  in  carbonate  of  ammonium,  by  which  it  is  distinguished  from 
iron. 

For  the  extraction  of  uranium  from  pitchblende  (which  generally  con- 
tains also  silica,  iron,  nickel,  cobalt,  zinc,  copper,  bismuth,  lead,  man- 
ganese, arsenic,  antimony,  calcium,  magnesium,  sulphur,  and  sometimes 
selenium  and  vanadium),  the  finely-powdered  mineral  is  digested  with 
moderately  dilute  sulphuric  acid  with  gradual  addition  of  nitric  acid,  till 
it  is  converted  into  a  white  powder:  the  excess  of  acid  is  then  driven  oil*, 
the  residue  digested  in  cold  water,  and  the  solution  filtered.  The  residue 
contains  silica,  sulphate  of  lead,  and  basic  sulphate  and  arsenate  of  bismuth. 
The  solution,  heated  to  about  60°,  is  saturated  with  hydrosulphuric  acid, 
and  allowed  to  stand  for  twenty-fimr  hours  :  it  is  then  heated  to  expel 
the  excess  of  the  gas,  and  the  sulphides  of  arsenic,  antimony,  copper,  lead, 
and  bismuth,  filtered  off.  The  filtrate  is  heated  to  boiling,  and  nitric  acid 
gradually  added  till  all  the  iron  is  converted  into  sesquisalf,  and  the  solu- 
tion is  yellow,  when  it  is  precipitated  by  excess  of  annnonia  and  filtered. 
The  precipitate,  besides  ferric  and  uranic  oxides,  contains  traces  of 
nickel,  cobalt,  zinc,  magnesium,  and  calcium:  the  rest  of  these  metals  is 
in  the  filtrate.  The  precipitate  is  washed,  and  digested  with  a  concen- 
trated solution  of  carbonate  of  ammonium,  until  it  has  the  pure  red-brown 
colour  of  ferric  hydrate :  it  is  then  filtered  while  warm,  and  the  filtrate 
on  cooling  deposits  crystals  of  carbonate  of  uranium  and  annnonium, 
which  on  ignition  yield  uranoso-uranic  oxide.  The  motlier-liquor  from 
these  crystals  is  then  treated  by  sulphide  of  annnonium,  drop  by  drop,  as 
long  as  a  dark-brown  precipitate  (sulphides  of  cobalt,  nickel,  and  zinc)  is 
produced  ;  it  is  then  filtered;  and  the  filtrate  boiled  for  a  long  time,  when 
all  the  uranium  is  precipitated  as  uranate  of  ammonium,  which  on  ignition 
yields  ui-anoso-uranic  oxide.  The  ferric  hydrate  still  retains  traces  of 
uranium,  which  may  be  separated  by  dissolving  the  whole  in  as  little 
hydrochloric  acid  as  possible,  neutralising  with  carbonate  of  annnonium, 
and  pouring  the  solution  into  a  mixtui  e  of  carbonate  and  sulphide  of 
ammonium,  when  the  iron  is  precipitated  as  sulphide,  while  the  uranium 
remains  in  solution.  For  the  detection  of  selenium  and  vanadium  the 
powdered  ore  is  fused  with  a  quarter  of  its  weight  of  nitre  and  carbonate 
of  sodium,  and  the  fused  mass  treated  with  water,  which  dissolves  out  the 
alkaline  selenates,  vanadates,  and  arsenates. 

Uranium  is  separated  from  the  metals  of  Group  I.  by  the  noji-precipi- 
tation  of  its  sulphide  from  acid  solutions.  From  iiickeU  coJ>uJ.t,  manganese, 
and  zinc,  it  is  separated  by  saturating  the  solution  with  chlorine,  boiling, 
and  precipitating  by  carbonate  of  barium  in  the  cold,  which  carries  down 
the  uranium  only.  From  ii-on  by  neutralising  the  solution  with  ammonia, 
diluting  with  water,  and  adding  normal  carbonate  of  annnonium  (freed 
from  excess  of  carbonic  acid  by  boiling),  which  precipitates  only  the  iron. 
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Uranium  Is  estimated  as  uranoso-uranic  oxide,  or  as  protoxide.  It  is 
precipitated  by  aumionia,  washed  with  water  containing  chloride  of  am- 
monium, dried,  and  converted  by  ignition  into  uranoso-uranic  oxide, 
which  is  allowed  to  cool  in  a  covered  crucible  and  weighed.  Or  the  pre- 
cipitate is  reduced  by  ignition  in  a  stream  of  hydrogen,  and  weighed  as 
uranous  oxide.  If  the  uranium  solution  contain  much  of  a  fixed  alkali 
or  alkaline  earth,  the  precipitate  by  ammonia  will  carry  down  with  it 
some  of  the  alkali  or  earth,  which  cannot  be  removed  by  ignition :  in  this 
case  it  must  be  dissolved  in  hydrochloric  acid,  and  reprecipitated  by 
ammonia. 


Group  II.  —  Subdivision  B. 

The  metals  of  this  group  do  not  combine  with  sulphur  in  the 
wet  way,  and  consequently  are  not  precipitated  by  hjdrosulphuric 
acid  under  any  circumstances.  Their  oxides,  however,  being  in- 
soluble in  water  or  ammoniacal  salts,  are  precipitated  from  their 
neutral  or  acid  solutions  by  sulphide  of  ammonium,  the  acid  by 
Avhich  they  were  held  in  solution  being  neutralised  by  the  am- 
monia of  the  reagent,  while  the  hydrosulphuric  acid  escapes.* 

The  oxides  of  some  of  the  metals  in  this  group  are  known  as 
earths:  hence  these  metals  are  called  earthy-metals.  The  earths 
are  white,  yellowish,  or  brownish  powders,  infusible,  generally 
exhibiting  a  vivid  incandescence  on  ignition  :  they  have  no  alka- 
line reaction,  are  insoluble  in  water,  and  after  ignition  are  diffi- 
cultly soluble  in  acids.  They  cannot  be  reduced  to  the  metallic 
state  by  heating  in  contact  with  hydrogen  or  charcoal.  Sulphide 
of  ammonium,  ammonia,  and  fixed  alkalis  throw  them  down  from 
their  salts  as  gelatinous  precipitates. 

1.  Aluminium.    Al.    Atomic  weight,  13'6. 

One  of  the  most  abundant  of  the  metals.  It  occurs  chiefly  in 
combination  with  silica,  in  clays,  and  several  minerals :  also  with 
sulphuric,  phosphoric,  and  other  acids.    It  is  a  Avhite,  very  light 

*  Or  we  may  suppose  a  sulphide  to  be  first  formed  and  then  decomposed  by 
water  — 

2Al2CF  +  3(Nff)^S  =  Al'S''  +  GNH'Cl. 
Al'S^"  +3H=0      =A1^0«  +  3H-S. 
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metal,  which  does  not  oxidise  in  the  air  even  at  a  strong  red  heat. 
It  is  insoluble  in  cold,  very  slowly  soluble  in  boiling,. nitric  acid  : 
insoluble  in  cold  dilute  sulphuric  acid  :  readily  soluble  in  hydro- 
chloric acid. 

Oxide  of  Aluminium.  Alumi?ia,  A1*0-*. —  A  white  powder, 
prepared  by  igniting  the  hydrate  :  at  a  strong  red  heat  it  fuses 
to  a  solid,  very  hard,  mass.  It  is  soluble  in  acids  before  ignition, 
but  not  very  readily;  the  hydrate  is  readily  soluble  in  acids, 
forming  salts  of  aluminium.  These  are  colourless,  unless  their 
acid  is  coloured  :  those  which  are  soluble  in  water  give  solutions 
which  redden  litmus.  Those  which  are  insoluble  in  -water  arc 
mostly  soluble  in  hydrochloric  acid.  Many  native  aluminium 
compounds,  which  cannot  be  decomposed  by  hydrochloric  acid, 
are  dissolved  by  boiling  with  strong  sulphuric  acid :  all  are  de- 
composed by  fusion  with  acid  sulphate  of  potassium,  or  an  alka- 
line carbonate.  Sulphide  and  cai'honate  of  ammonium  give  with 
aluminium-salts  a  white  gelatinous  precipitate  of  hydrate,  insoluble 
in  excess :  the  fixed  alkaline  carbonates  and  ammonia  give  the 
same  precipitate,  somewhat  soluble  in  a  large  excess.  Phosphate 
of  sodium  precipitates  phosphate  of  aluminium,  very  closely  re- 
sembling the  hydrate  in  appearance,  and  like  it  soluble  in  potash 
and  in  acids  (not  in  hot  acetic  acid).  Chloride  of  ammonium  repre- 
cipitates  the  phosphate  from  the  potash  solution  :  alkaline  silicates 
precipitate  silicate  of  aluminium  from  the  potash  solution  either  of 
the  phosphate  or  hydrate,  the  phosphoric  acid  in  the  former  case 
remaining  in  solution.  Chloride  of  barium  or  baryta-water  added 
to  the  potash  solution  of  phosphate  of  aluminium,  precipitate  all 
the  phosphoric  acid  as  phosphate  of  barium,  while,  if  excess  of 
potash  be  added  and  the  Avhole  heated,  the  alumina  remains  in 
solution,  (c)  When  acid  sidphate  of  potassium  is  added  to  a  hot 
concentrated  solution  of  an  aluminium-salt,  the  solution  on  cooling 
deposits  octahedral  crystals  of  alum  (sulphate  of  aluminium  and 
potassium).  Oxalic  acid  and  soluble  oxalates  give  no  precipitate 
with  aluminium-salts.  Carbonate  of  barium  in  the  cold  precipi- 
tates all  the  alumina  very  slowly.  Potash  or  soda  precipitates  the 
liydrate,  readily  soluble  in  excess,  reprecipitated  by  chloride  of 
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chloric  acid  and  saturation  with  ammonia.  The  alkaline  solution 
is  not  precipitated  by  sulphide  of  ammonium.  The  aluminium- 
salts  of  volatile  acids  are  decomposed  by  ignition,  losing  their  acid. 

Bfoivpipe  reactions. — When  an  aluminium  compound  is  lieated 
on  charcoal,  moistened  Avith  nitrate  of  cobalt,  and  again  heated,  a 
fine  blue  colour  is  produced. 

Separation  and  estimation  of  Aluminium. — From  the  metals  of 
Group  I.  aluminium  is  separated  by  hydrosulphuric  acid  in  an  acid 
solution.  It  cannot  be  separated  by  potash  from  those  metals 
■whose  hydrates  are  insoluble  in  potash,  except  in  cases  where  the 
insoluble  hydrate  is  present  in  very  small  proportion  (not  more 
than  1  p.  c.) :  for  in  other  cases  the  insoluble  hydrate  ahvays  re- 
tains some  alumina.  From  cobalt,  nickel,  manganese,  and  ziiic  it 
is  best  separated  by  carbonate  of  barium  in  the  cold,  Avhen  these 
metals,  being  in  the  form  of  protosalts,  are  not  precipitated.  For 
its  separation  from  iroji  and  tcranium,  the  metals  are  precipitated 
together  by  sulphide  of  ammonium,  and  the  precipitate  boiled  in 
caustic  potash,  and  filtered.  The  residue,  which  still  contains 
alumina,  is  dissolved  in  hydrochloric  acid,  again  super-saturated 
with  potash,  boiled,  and  filtered:  and  this  process  must  be  re- 
peated until  the  alkaline  filtrate  gives  no  precipitate  with  sulphate 
of  ammonium.  The  alkaline  solution  of  alumina  is  then  neutra- 
lised with  hydrochloric  acid  and  precipitated  by  sulphide  of 
ammonium.  Abetter  method  for  the  separation  of  aluminium  from 
iron  is  to  heat  the  acid  solution  to  boiling,  and  add  sulphite  of 
sodium  or  sulphurous  acid,  in  order  to  reduce  the  iron  toprotosalt, 
to  neutralise  with  carbonate  of  sodium,  and  then  to  boil  \\\t\\ 
excess  of  caustic  soda  until  the  white  precipitate  of  hydrate  of 
iron  is  converted  into  black  ferroso-ferric  oxide,  which  is  filtered 
off  and  the  alumina  precipitated  as  before  by  sulphide  of  am- 
monium. 

Chancel  (Compt.rend.  xlvi.  987)  states  that  iron  and  aluminium 
may  be  completely  separated  by  hyposulphite  of  sodium,  which 
merely  reduces  ferric  salts  to  ferrous  salts  ;  but  precipitates  alu- 
mina from  salts  of  aluminium,  being  itself  decomposed  in  the  usual 
manner  by  the  acid  of  the  aluminium-salt  (2A12C13  +  3S20''Na2 
=A1^0'  +  6NaCl  +  3SOHS3).    The  iron  and  aluminium  being 
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both  in  the  form  of  sesquisalt,  their  soUition  is  nearly  neutralised 
(if  necessary)  with  sodic  carbonate,  and  largely  diluted*'  with 
water.  A  slight  excess  of  hyposulphite  of  sodium  is  added  in  the 
cold;  (if  it  be  added  to  a  hot  solution  some  ferric  hydrate  would 
be  precipitated ;)  and  the  whole  boiled  as  long  as  sulphui'ous 
anhydride  is  evolved.  Tiie  precipitated  alumina,  which  is  pul- 
verulent, not  gelatinous,  is  filtered  off,  washed,  freed  from  sulphur 
by  heating  moderately,  ignited,  and  weighed.  The  filtrate  con- 
taining all  the  iron  is  concentrated  by  evaporation,  and  boiled 
Avith  hydrochloric  acid  and  chlorate  of  potassium  till  the  separated 
sulphur  is  bright  yellow,  and  begins  to  agglomerate:  it  is  then 
diluted,  filtered  from  the  sulphur  which  is  thoroughly  washed, 
and  precipitated  by  ammonia. 

Aluminium  is  always  estimated  as  alumina.  It  is  precipitated 
as  hydrate  by  sulphide  of  ammonium  (which  is  better  than 
ammonia  or  carbonate  of  ammonium) :  if  the  solution  contain  any 
alkaline-earthy  metals,  the  access  of  air  must  be  prevented  as  far 
as  possible,  otherwise  these  metals  may  be  pai'tly  precipitated  as 
carbonates.  The  hydrate,  when  dried  and  ignited,  yields  pure 
alumina,  APO^. 

2.  Glucinum  or  Beryllium.    G.    Atomic  weight,  4  7. 

A  rare  metal,  found  chiefly  as  silicate,  in  some  minerals.  It  is  a  white 
very  light  metal,  which,  when  heated  in  the  air  or  in  oxygen,  becomes 
coated  with  a  thin  film  of  oxide,  which  protects  it  from  further  change. 
It  is  soluble  in  hydrochloric  or  sulphuric  acid :  insoluble  in  cold,  slowly 
soluble  in  boiling,  nitric  acid :  soluble  in  potash,  but  not  in  ammonia. 
(Debray.    Ann.  Ch.  Phys.  [3.]  xliv.  5). 

Oxide  of  Gi.ücinum.  Gluciiia,  G'^O. — A  white  powder,  obtained  by 
igniting  the  carbonate.  It  is  soluble  in  acids,  formin<i  salts  of  glucinum. 
These  closely  resemble  aluminium-salts  in  their  reactions  :  there  are, 
however,  the  following  differences  between  them.  Acid  sulphate  of  potas- 
sium forms  no  crystals  with  glucinum-salts  :  neither  does  carbonate  of 
barium  precipitate  them  in  the  cold.  Alkaliue  carbonates  precipitate  car- 
bonate of  gluciuTun,  soluble  in  excess  (especially  of  carbonate  of  ammo- 
nium) :  the  solution  is  repreci])itated  on  boiling.  Potash  precipitates 
hydrate  of  glucinum,  soluble  in  excess,  reprecipitated  on  prolonged  boil- 
ing. Hydrate  of  glucinum  is  soluble  in  boiling  chloride  of  ammonium, 
ammonia  being  evolved.  AVhen  treated  with  nitrate  of  cobalt  before 
the  blowpipe,  glucinum-salts  give,  not  a  blue,  but  a  grey  colour. 


*  50  cc.  solution  should  not  contain  more  than  O'l  crrm.  alumina. 
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Separation  and  estimation  of  Glucimm. — Native  gluciiiuin-coinpouiids 
(beryl,  emerald,  euclase,  plienacite,  &c.)  are  completely  decomposed  by 
fusion  wiih  three  or  four  times  their  weight  of  carbonates  of  potassium 
and  sodium. 

Glufiuum  is  separated  from  all  the  precedint;  metals  in  the  same  man- 
ner as  aluminium.  From  iron  it  may  also  be  separated  by  carbonate  of 
barium.  Fnnn  uliuniniam  it  is  separated  by  carbonate  of  ammonium  ;  or 
by  boiling  the  potash  solution  of  the  two' hydrates ;  or  by  carbonate  of 
barium. 

3.  Zirconium.    Zr.    Atomic  weight,  22'4. 

A  rare  metal,  found  as  silicate  in  some  minerals  (zircon,  &c.).  It  is 
obtained  as  a  black  powder,  which  burns  with  a  bright  llame  when 
heated  in  the  air.  It  is  scarcely  soluble  in  any  acids  except  hydro- 
liuoric  acid. 

OxiDi:  OF  ZiRCON'iuM.  Zircouio,  Zv-0. — A  white  powder,  obtained 
by  the  combustion  of  zirconium  in  the  air;  also  by  igniting  the  hydrate. 
After  ignition  it  is  soluble  in  no  acids  but  strong  boiling  sulphuric  a(;id. 
The  hydrate  is  reailily  soluble  in  acids,  forming  zirconiuin-sults.  Sul- 
phate of  potassium  precipitates  awhile  sulphate  of  zirconium  and  potas- 
sium, insoluble  in  water,  and,  if  precipitated  from  a  hot  solution,  insoluble 
in  hydrochloric  acid.  Oxalic  acid  })recij)itates  white  oxalate,  insoluble 
in  excess,  ditlicultly  soluble  in  hydrochloric  acid.  Alkalis  and  alkaline 
carbonates  give  white  precipitates  insoluble  in  excess,  except  in  excess  of 
carbonate  of  ammonium  :  the  solution  is  reprecipitated  on  boiling. 

Separation  and  estimation  of  Zirconium. — Native  zirconium  com- 
pounds are  decomposed  by  fusion  with  carbonate  of  sodium.  'J  he  fused  . 
mass  is  treated  with  water,  which  dissolves  the  alkaline  silicate,  leaving  a 
crystalline  residue  of  silicate  of  zirconium  and  sodium,  from  which 
the  silica  is  removed  by  evaporation  to  dryness  with  hydrochloric  acid. 
After  filtering  off  the  silica,  the  zirconium  is  precipitated  as  hydrate  by 
ammonia. 

From  most  of  the  preceding  metals  of  this  group,  zirconium  may  be 
approxiuuitely  separated  by  the  solubility  of  its  hydrate  in  carbonate  of 
ammonium.  From  aluminium  it  may  be  separated  by  potash.  From 
manganese  by  ammonia  in  presence  of  chloride  of  anuuonium.  From 
glnciunm,  according  to  Bert  hi  er,  by  suspending  the  hydrates  in  water, 
passing  stdpliurous  anhydride  into  them  till  they  are  com])letely  dissolved, 
and  boiling  the  solution:  when  the  zirconium  is  precipitated  as  a  basic 
sulphite,  while  the  glucinum  remains  dissolved.  !None  of  these  separa- 
tions are  complete. 

Zirconium  is  estimated  as  oxide.  It  is  precipitated  as  hydrate  by 
ammonia,  and  the  precipitate  on  ignition  yields  pure  zirconia. 

4.  Tborlum.    Th.    Atomic  weight,  59"5. 

A  very  rare  metal,  only  found  in  thorite,  monncite,  and  pyrochlorite. 
It  is  obtained  as  a  black  powder,  which  burns  brilliantly  when  heated  in 
the  air.    It  is  most  soluble  in  hydrochloric  acid. 

Oxide  of  Thorium.    Thoria.    TirO.— A  white  powder,  obtained  by 
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the  combustion  of  the  metal  in  the  air,  or  by  ifrnitlnir  the  liydrate. 
After  ignition  it  is  sohibie  only  in  strong  boiling  sulpliuric  acid.  The 
hydrate  is  readily  soluble  in  acids,  forming  thoriiim-sal/.s,  wliich  closely 
resemble  zirconium-salts  in  their  reactions.  The  double  sulphate  of 
thorium  and  potassium  diiTers  from  ihe  corresponding  zirconium-salt  by 
being  soluble  in  hot  water.  It  is  insoluble  in  a  saturated  solution  of  sul- 
l)hate  of  [)otassium. 

Separation  and  esiimation  of  Thorium. — Thorium  may  be  separated 
from  the  preceding  metals,  except  zirconium,  by  completely  saturating 
their  solution  with  sulphate  of  potassium.  The  precipitate  is  dissolved  in 
hot.  water,  and  the  thorium  precipitated  as  hydrate  by  aunnonia.  From 
(iluminiuin  and  glucinum  it  is  also  separated  by  potash.  No  method  is 
known  for  separating  it  from  zirconium. 

Thorium  is  estimated  as  oxide.  It  is  precipitated  by  ammonia  as 
hydrate,  which  on  ignition  yields  pure  oxide. 

Thorite  is  completely  decomposed  by  digestion  with  concentrated  hy- 
drochloric acid. 

5.  Yttrium.      Y.    Atomic  weight,  35. 
Terbium.  T 


„  ^.  T7     r     Atomic  weight  not  detcrniined. 

Erbium.  111. 

These  very  rare  metals  exist  in  a  few  minerals  Cgadolinite,  orthite, 
yttrotantalite).  They  are  scarcely  known  in  the  metallic  state.  Their 
oxides,  yttria,  Y"0,  tcThia,  Tc*0,  and  erbia,  E''0,  always  occur  together, 
and  no  method  for  their  separation  is  known.  They  differ  from  most  other 
earths  in  being  readily  soluble  in  acids  after  ignition.  Yttria  and  terbia 
are  white  :  erbia  is  dark-yellow.  They  are  insoluble  in  ßxed  alkalis  : 
soluble  in  carbonate  of  ammonium,  hut  less  readily  than  clucina.  Oxalic 
acid  gives  a  white  precipitate  with  tlieir  salts,  insoluble  in  water.  Acid 
sulphate  of  potanfiium  precipitates  a  double  salt,  slowly  solid)le  in  a  large 
quantity  of  water,  more  soluble  in  a  saturated  solution  of  sulphate  of 
])otassiuui.  Carbonate  of  barium  does  not  pi  ecipitate  them,  either  in  the 
cold  or  on  heating. 

Separation  and  estimation  of  Yttrium. — Yttrium  is  separated  from 
aluminium  by  carboiuite  of  barium.  From  glucinum  by  oxalic  acid  :  or 
better,  by  calcining  the  earths  with  some  organic  body  (e.g.  sugar)  and 
heating  the  mixture  in  a  stream  of  chlorine,  when  chloride  of  glucinum 
volatilises,  while  chloride  of  yttrium  remains  behind.  Xo  method  is 
known  for  its  separation  from  zirconium  and  thorium.  Ammonia  preci- 
pitates erbia  before  terbia,  and  terbia  before  yttria  :  but  no  complete  sepa- 
ration can  thus  be  effected. 

Yttrimn  is  estimated  as  oxide,  obtained  by  igniting  the  hydrate  preci- 
I)itated  by  ammonia. 

G.  Cerium.    Ce.    Atomic  weight,  46. 
Iiantbanum.    La.    Atomic  weight,  46. 
Sidymium.    Di,    Atomic  weight,  48. 

These  rare  metals  are  always  found  tojrether  :  tliev  occur  in  a  few 


PVRT  II. 


CEEIUM. 


169 


niotals,  iron,  and  calcium.  Little  is  known  of  tlieni  in  the  metallic  s-tate, 
except  that  they  clis:solve  readily  in  acids. 

Oxides  of  Cerium.    Protoxide,  CeO.    Sesf/uioxide,  Ce^O^^ 

a.  Protoxide  of  Cerium.  Cerous  Oxide.  CeH).— It  is  doubtful  whethei- 
this  compound  lias  been  obtained  pure,  'i'lie  hydrate  is  readily  obtained 
by  precipitating  the  chloride  with  a  caustic  alkali.  It  dissolves  readily 
ill  acids,  \\)v\\\\\\^  cerous  salts,  which  have  the  following  reactions.  Oxalic 
acid  precipitates  white  oxalate,  insoluble  in  excess,  converted  by  ignition 
into  ceroso-ceric  oxide.  Acid  sulphate  of  potassium  separates  gradually  a 
crystalline  double  salt,  nearly  insoluble  in  pure  water,  rpiite  insoluble  in  a 
saturated  solution  of  sulphate  of  ])0tassiuni.  Alktdine  carhonates  g'we  a 
white  precipitate,  scarcely  soluble  in  excess,  (c)  Potash  ])recipitates 
white  hydrate,  insoluble  in  excess,  converted  into  yellow  ses(piihydrate 
by  the  action  of  chlorine  or  liypochlorous  acid.  Annnouia  precipitates  a 
basic  salt. 

b.  Sesquio.Tide  of  Cerium.  Ceric  Oxide.  Ce'Ol  —  It  is  doubtful 
whether  this  compound  has  been  obtained  pure.  The  salmon-coloured 
powder  obtained  by  igniting  cerous  oxalate  or  hydrate,  is  not  pure  ceric 
oxide,  )>ut  a  mixture  of  cerous  and  ceric  oxides  {cci\)so- ceric  oxide),  not 
([uite  constant  in  its  composition.  If  oxide  of  didymium  be  present,  it 
has  a  red-brown  colour,  and  dissolves  in  boiling  hydrochloric  acid. 
When  pure  it  dissolves  only  in  strong  boiling  sulphuric  acid,  form- 
ing a  yellow  solution,  whence  potash  precipitates  a  yellow  hydrate,  which 
is  readily  soluble  in  acids,  forming  ceric  salts.  Their  solutions  are  yellow, 
and  are  converted  into  cerous  salts  by  boiling  with  hydrochloric  acid. 
According  to  Hunsen  (Ann.  Ch.  Pharm,  cv.  1),  when  dry  cerous  oxalate 
is  heated  with  masnesia  alba,  a  cinnamon-brown  powder  is  obtained, 
^vlIich  contains  all  the  cerium  in  the  form  of  sesquioxide. 

Oxide  of  Lunthnmim,  La-0. — A  white  poAvder,  obtained  by  igniting  the 
hydrate  or  carbonate  in  a  covered  crucible :  ignited  in  the  air  it  turns 
brown,  probably  from  the  ])artial  formation  of  a  hi<:her  oxide.  It  dis- 
solves readily  in  acids,  even  after  ignition,  forming  lunthanous  salts:  it  is 
also  soluble  in  boiling  chloride  of  ammonium.  Potash  precipitates  white 
hydrate,  completely  soluble  in  chlorine-water,  without  the  formation  of 
any  yellow  (]ej)osit.  This  is  the  only  reaction  in  which  lanthanum  differs 
from  cerium.  Lanthanous  salts  are  colourless  if  quite  free  fron» 
didynnum. 

Oxide  of  Didijmium,  DI-0. — A  white  powder,  obtained  in  the  same  way 
as  oxide  of  lanthanum.  It  is  readily  soluble  in  all  acids,  and  in  ammo- 
niacal  salts.  Didyviium-sults  are  rose-coloured,  or  violet :  the  hydrate  is 
]>ale  rose-colour.  Their  reactions  closely  resemble  those  of  lanthauuni- 
salfs. 

Plou-pipe  reactions. — All  cerium  compounds  give  with  borax  or  micro- 
cosmic  salt  in  the  outer  flame  a  clear  bead,  which  is  dark-red  while  hot, 
colourless  on  cool  ing  t  in  the  inner  flame,  a  colourless  bead,  or,  if  excess 
of  oxide  of  cerium  l)e  present,  a  yellow  opaque  bead.  Lanthanum  com- 
pounds give  colourless  beads.  Didymium  compounds  give  pale  rose- 
coloured  beads  in  the  inner  flame. 

Separation  and  estimation  of  Cerium,  Lanthanum,  and  Did;/miu)n. — 
Ceriie  is  decomposed  by  boiling  for  some  hours  in  strong  hydrochloric  acid, 
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silica  beinj»  separated.  The  solution  is  treated  with  ammonia,  which  pre- 
cipitates all  the  metals  except  calcium.  The  precipitate  is  redissolved  in 
hydrochloric  acid,  and  o.xalic  acid  added  in  excess,  which  gives  a  pale 
rose-coloured  precipitate  of  oxalates  of  cerium,  lanthanum,  and  didy- 
mium.  By  ignition  this  is  converted  into  a  red-brown  mixture  of  the 
three  oxides,  from  which  the  oxides  of  lanthanum  and  didymium  may  be 
completely  dissolved  by  boiling  lor  some  hours  with  a  concentrated  solu- 
tion ofciiloride  of  ammonium  (Watts);  or  by  treatment  first  with  dilute, 
and  then  with  strong,  nitric  acid  (Älarignac).  .  This  effects  a  complete 
separation  of  cerium  from  lanthanum  and  didymium.  The  only  method 
for  separating  lanthanum  from  didymium  is  one  founded  on  the  different 
solubility  of  their  sulphates  :  but  it  is  not  sufficiently  exact  for  quanti- 
tative purposes. 

The  three  metals  are  separated  from  all  the  metals  of  Group  II.,  Sub- 
division A.,  by  means  of  a  saturated  solution  of  suli)hate  of  potassium. 
From  almninhwi,  by  carbonate  of  barium.  From  glucinum  and  yttrium 
by  sulphate  of  potassium.  From  zirconium  and  thoriwn  (only  approxi- 
mately  J  by  sulphate  of  potassium. 

Since  the  composition  of  ceroso-ceric  oxide,  obtained  by  the  ignition  of 
cerous  oxalate  or  hydrate,  is  not  quite  constant*,  cerium  cannot  be  esti- 
mated in  this  form  with  perfect  accuracy.  It  is  better  to  precipitate  the 
hydrate  by  potash,  dissolve  it  in  dilute  sulphuric  acid,  evaporate  to  dry- 
ness, and  heat  the  residue  to  commencing  redness,  when  pui  e  sulphate  of 
cerium,  SO'''Ce-,  is  obtained.  Lanthanum  and  didymium  are  estimated  as 
oxides,  obtained  by  igniting  the  hydrates  or  oxalates  in  a  covered  crucible. 

7.  Titanium.    Ti.    Atomic  weight,  50. 

Occurs  as  titanic  anhydride  (rutil,  anatase,  and  Brookite):  as  titan- 
ate  of  calcium  (titanite),  of  iron  (titaniferous  iron  )  :  as  a  compound  of 
cyanide  and  nitride  of  titanium  in  bright  copper  -coloured  crystals  which 
are  found  in  blast-furnaces  in  which  titaniferous  iron  has  been  smelted. 
These  crystals  were  supposed,  till  lately,  to  be  metallic  titanium.  It  is 
a  dark-green  powdei",  which  burns  very  brilliantly  when  heated  in 
oxygen  or  chlorine.    It  is  soluble  in  warm  hydrochloric  acid. 

Oxides  of  Titanium. — The  most  important  oxide  is 

I'ltanic  Anhijd?-ide,  T\0~.  —  A  white  powder,  insoluble  in  water  or 
acids  (excei)t  hydrofluoric  and  strong  sul])huric  acids)  obtained  by  the 
combustion  of  tlie  metal  in  oxygen,  or  by  igniting  titanic  acid. 

Titanic  Acid,  TiO^H",  is  obtained  by  precipitating  a  solution  of  the  chlo- 
ride, TiCl',  by  annnonia:  it  is  white,  insoluble  in  water,  soluble  in  acids, 
even  after  drying  over  sulphuric  acid.  But  titanic  acid,  like  silicic 
acid,  appears  to  exist  in  an  insoluble,  as  well  as  a  soluble,  modification  : 
for  when  an  acid  solution  of  titanic  acid  is  boiled,  the  titanic  acid  is  re- 
precipitated,  and  is  insoluble  in  acids;  it  is  converted  into  the  soluble 
moditication  by  fusion  with  acid  sulj)hate  of  potassium.  Both  modifica- 
tions exhibit  vivid  incandescence  when  ignited,  and  are  converted  into 

*  Bunscn  (Ann.  Ch.  Phann.  cv.  1)  states  that  the  composition  of  this  oxide 
is  expressed  by  the  formula  Ce«0'  =  (Ce*0  +  Ce^O^). 
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titiinic  anhy<lri(Ie.  With  an  acid  solution  of  titanic  acid,  oxalic  acid 
gives  a  wfiite  ju-ocipitate :  ferrocyanide  of  potassium  gives  a  red-brown 
j)reci|)itatc  (which  is  green  if  iron  is  present),  (c)  Gallic  acid  gives 
an  orange-red  precipitate.  Alkidine  sulphides  and  carbonates,  -And  caus- 
tic alkalis  precipitate  titanic  acid,  insoluble  in  excess  :  this  pre(;ipitation  is 
prevented  by  tartaric  acid,  not  by  chloride  of  ammonium.  Carbonate  of 
barium  precipitates  titanic  acid  com))letely  in  the  cold.  An  acid  solution 
of  titanic  acid  is  reduced  by  metallic  zinc,  iron,  copper,  or  tiJi,  a  blue 
solution  being  formed,  whence  a  violet  precipitate  gradually  separates. 
A  solution  of  titanic  acid  in  sulphuric  acid  is  completely  preciintated 
by  boiling  :  a  hydrochloric  acid  solution  only  partially  :  the  precipitation 
is  facilitated  by  the  addition  of  sulpliite  of  sodium. 

When  titanic  anhydride  is  ignited  in  a  stream  of  hydrogen,  it  is  con- 
verted into  black  sescjuioxide,  Ti-0'',  insoluble  in  nitric  or  hydrochloric 
acids,  soluble  (to  a  violet  solution)  in  sulphuric  acid.  (Ebelmen.) 

Blowpipe  reactions. — Titanic  anhydride  is  not  reduced  to  the  metallic 
state  when  heated  on  charcoal  with  carbonate  of  sodium  in  the  inner 
llame:this  reaction  distingui.-ihes  titanium  from  tin.  With  microcosmic 
salt  (less  easily  with  borax)  titanic  anhydride  gives  in  the  inner  flame  a 
bead  wliieh  is  violet  while  hot,  yellowish  on  cooling  :  the  colour  disappears 
in  the  outer  Üame.  If  iron  be  present,  a  blooil-red  bead  is  produced. 
The  formation  of  the  violet  colour  is  fa(;ilitated  by  the  addition  of  me- 
tallic tin  :  it  is  more  easily  obtained  on  charcoal  than  on  platinum-wire. 

Separation  and  estimation  of  Titanium.  —  To  obtain  titanic  anhydride 
from  rutil  or  titaniferous  iron,  the  mineral  is  finely  powdered  and  fused 
with  lour  times  its  weight  of  alkaline  cai'bonate,  and  the  fused  mass 
treated  with  cold  water,  when  crystalline  alkaline  litanate,  together  with 
ferric  oxide,  remains  undissolved.  This  is  dissolved  in  hydrochloric  acid, 
and  the  solution  boiled,  with  addition  of  sulphite  of  sodium,  when  the 
titanic  acid  is  precipitated  :  or  the  solution  is  precipitated  by  sulphide  of 
annnonium,  and  the  precipitate  washed  Avith  sul[)hurous  acid,  which  dis- 
solves the  sulphide  of  iron  as  hyposulphate,  leaving  the  titanic  acid  un  - 
dissolved. Or  the  mineral  may  be  fused  with  six  times  its  weight  of  acid 
sulphate  of  |)otassium,  and  treated  as  above  :  the  precipitation  of  titanic 
acid  by  boiling  being  more  complete  from  a  sulphuric  acid  solution. 
Another  method  is  to  treat  the  fused  mass  in  a  platinum  crucible 
with  dilute  hydrofluoric  acid,  to  purify  the  fluotitanate  formed  bv 
re-crysiullisation  from  hot  water,  and  to  convert  it  into  titanate  of 
ammonium  by  boiling  in  aqueous  ammonia :  on  ignition,  the  titanate  of 
ammonium  yields  titanic  anhydride.  Titanite  is  decomposed  by  gentle 
ignition  with  acid  sulphate  of  annnonium. 

From  the  metals  of  Group  II.,  Subdivision  A.,  titanium  is  separated  by 
adding  tartaric  acid  to  the  acid  solution,  and  then  excess  of  annnonia 
(which  should  produce  no  precii»itate),  and  then  sulphide  of  annnonium, 
which  i)rccipitates  everything  but  the  titanic  acid.  The  filtrate  is 
evaporated  to  dryness,  and  the  residue  iguiteil  till  the  carbon  of  the 
organic  acid  is  entirely  burnt  (which  is  best  done  in  a  mudle-iurnace) : 
pure  titanic  anhydride  is  left.  From  aluminium  and  glucinum  üiim'wxm  is 
separated  by  the  precipitation  of  titanic  acid  by  boiling  from  a  sulphuric 
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ncid  Roltilion  :  from  yttrium  in  the  same  way,  or  by  carbonate  of  barium. 
From  cerium,  by  sulphate  of  potassium.  No  accurate  method  is  known 
tor  its  separation  from  zirconium,  which  ot'ten  occurs  with  it. 

Titanium  is  estimated  as  titanic  anhydride.  It  is  precipitated  by 
ammonia  as  liydrate,  which,  when  ignited,  yields  titanic  anhydride.  A 
large  excess  of  ammonia  must  be  avoided,  as  some  of  the  titanic  acid 
would  be  redissolved  therein. 

8.    Tantalum.    Ta.    Atomic  weight,  137'6. 

Found  in  a  few  rare  minerals  (tantalite,  yttro-tantalite,  &c.).  It  is  a 
black  powder,  insoluble  in  acids,  except  in  a  mixture  of  nitric  and 
hydrofluoric  acids. 

Oxide  of  Tantalum.  Tantalic  Aiihyd?-ide,  TaO'^. — A  white  powder, 
insoluble  in  acids,  obtained  by  igniting  the  hydrate.  It  can  only  be  made 
soluble  by  fusion  with  potash  or  carbonate  of  potassium,  when  it  forms 
tantalate  of  potassium,  soluble  in  water.  The  hydrate,  tantalic  acid,  is 
obtained  by  precipitating  tantalate  of  potassium  by  hydrochloric  acid,  or 
by  decomijosing  chloride  of  tantalum,  TaCl"*,  by  water  containing  a 
little  ammonia.  It  is  soluble  in  excess  of  hytb-ochloric  acid.  Carbonic 
anhydride,  passed  through  a  solution  of  an  alkaline  tantalate,  precipitates 
all  the  tantabim  as  an  acid  tantalate.  Sulphide  of  ammnnium  gives  no 
precipitate.  Chloride  of  hariiun  precipitates  tantalate  of  barium,  insoluble 
in  water  or  animoniMcal  salts.  Gallic  acid  gives  a  light-yellow  ])recipitate, 
soluble  in  alkalis.  Ferrocyanide  of  potassium  gives  in  a  slightly  acidu- 
tated  solution,  a  yellow  precipitate  :  ferricyanide  of  potassium,  a  white 
precipitate.  Metallic  zinc  does  not  change  an  acidulated  solution  of 
a  tantalate :  but  in  a  solution  of  chloride  of  tantalum  in  sulphuric  or 
hydrochloric  acid,  to  which  a  little  water  is  added,  it  gives  a  fine  blue 
colour,  which  soon  disappears  without  changing  to  brown. 

Blowpipe  reactions. — Tantalic  acid  is  not  reduced  by  heating  on  char- 
coal with  carbonate  of  sodium  in  the  inner'  flaiue.  With  borax  and 
microcosmic  salt  it  gives  in  both  flames  colourless  beads,  which  do  not 
become  red  on  addition  of  an  iron-salt. 

Separation  and  estimation  of  Tantalum.  —  Tantalite  is  analysed  by 
fusion  with  six  times  its  weight  of  acid  sulphate  of  potassium  :  the  fused 
mass  is  treated  with  water,  which  dissolves  out  sulphates  of  pota?isium, 
iron,  and  manganese,  leaving  a  residue  of  titanic  acid,  stsinnic  and 
tnngstic  acids,  and  ferric  oxide.  By  digestion  in  sulphide  of  ammonium 
the  stannic  and  tungstic  acids  are  removed,  and  the  iron  converted  into 
sulphide :  the  residue  is  filtered  oil",  the  sulphide  of  iron  dissolved  by 
hydrochloric  acid,  and  the  residual  tantalic  acid  converted  by  ignition 
into  tantalic  anhydride. 

Tantalic  anhydride  is  distinguished  from  titanic  anhydride,  which  it 
much  resembles,  by  its  blowpipe  reactions,  by  its  insolubility  in  strong 
sulphuric  acid,  and  by  its  forming  a  compound  insoluble  in  water  when 
fused  with  acid  sulphate  of  potassium.  '  This  last  reaction  affords  the 
best  method  for  separating  tantalum  from  titanium,  ytt?num,  zircuninm, 
manganese,  and  other  metals  with  which  it  frequently  occurs.    It  is  dis- 
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chloride  of  tantalum  with  zinc.  It  is  separated  from  silicon  by  volatilising 
the  latter  as  fluoride.  The  same  method  serves  for  the  separation  of 
titanium  from  silicon. 

Tantalum  is  estimated  as  tantalic  anhydride. 

9.  IViobium  or  Columbium.    Nb.    Atomic  weight  not  determined. 

Occurs  in  a  few  rare  minerals  (cohnnbite,  Bavarian  tantalite).  It  is 
a  black  powder,  soluble  in  hydrochloric,  hydrolluuric,  and  sulphuric  acids, 
not  in  nitric  acid.    (Kose.    Fogg.  Ann.  civ.) 

Oxides  of  Niobium. — Niobium  forms  two  oxides,  whose  composition 
has  not  been  determined,  Aiobous  and  Niohic  Anhydrides.  Ivose  has 
lately  determined  that  these  two  oxides  contain  the  same  metal :  formerly 
he  regarded  the  latter  as  the  oxide  of  another  metal,  which  he  called 
i*elo|)ium. 

Niobons  Anhydride  is  a  white  powder,  insoluble  in  acids,  obtained  by 
heatini:  the  nietal  in  the  air,  or  by  igniting  n/u^o'/s  acid.  This  is  oi)tained 
by  decoinjiosiiig  the  chloride  with  water,  or  an  alkaline  niobite  by  hydro- 
chloric acid,  it  is  scarcely  soluble  in  hydrochloric  acid.  A  Solution  of 
an  alkaline  niobite,  acidulated  with  hydrochloric  or  sulphuric  acid,  gives 
a  red  precipitate  with  ferrocyanide  of  potassium,  bright  yellow  with 
ferricyanide,  orange-red  with  gallic  acid.  Zinc  gives  a  blue  colour,  which 
changes  to  brown. 

Niohic  Anhydride  closely  resembles  tantalic  anhydride.  It  is  insoluble 
in  all  acids  after  ignition.  From  its  alkaline  solutions  acids  precipitate 
niohic  acid,  soluble  in  excess  of  hydrochloric  acid,  from  which  solution  it 
is  reprecipitated  by  sulphuric  acid  at  boiling  heat.  The  acidulated  solu- 
ti(m  of  an  alkaline  niobate  gives  a  brown-red  precipitate  with  ferro- 
cyanide  of  potassium,  white  with  ferricyanide,  orange-yellow  with  gallic 
acid.  AVitli  zinc,  alkaline  niobates  and  chloride  of  niobium  behave  exactly 
like  the  corresponding  tantalum-compounds. 

Blowpipe  reactions. — Witli  borax  in  the  outer  flame  niobous  anhydride 
gives  a  colourless  bead  :  in  the  inner  flame  a  greyish-blue  bead,  if  sufH- 
cient  anhydride  be  present  to  make  the  bead  opacjue  on  cooling.  With 
microcosmic  salt  it  gives  in  the  outer  flame  a  colourless  bead  :  in  the  inner 
flame  a  violet  or  blue  bead,  the  colour  disappearing  in  the  outer  flame. 
The  addition  of  an  iron-salt  produces  a  blood  red  colour.  Niobic  anhy- 
dride behaves  like  tantalic  aniiydride  with  bo?-ax.  With  microcosmic  salt 
it  gives  in  the  outer  flame  a  colourless  bead :  in  the  inner  flame  a  li'dit- 
bi  •Qwn  bead,  tinged  with  violet,  the  colour  disappearing  in  the  outer 
flame,  and  being  turned  blood-red  by  an  iron-salt. 

Separation  and  estimation  of  Niobium. — The  methods  for  the  analvsis  of 
niobium  compounds  and  for  the  separation  of  niobium  from  other  metals 
are  the  same  as  those  given  in  tlie  case  of  tantalum.    No  method  is 
known  for  separating  it  from  tantalum. 

10.  Chroniinm.    Cr.    Atomic  weight,  26*2. 

Occurs  as  sesquioxide  (chrome-ochre):  as  sesquioxide  combined 
with  ferrous  oxide  (chrome-iron-stone)  :  as  Chromate  of  load,  &c. 
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It  is  a  grcylsli-white,  non-raagne(ic  metal,  ■which  does  not  oxidise 
in  the  air  at  any  temperature:  in  the  compact  state  it  is  soluble 
only  in  hydrofluoric  acid. 

Oxides  of  Chromium.  Sesquioxide,  Cr'^O^.  Chromic  anhy- 
dride, Cr^O'. — There  are  several  other  oxides  of  chromium,  e.  g. 
Protoxide,  Cr^O,  and  four  more  intermediate  between  the  sesqui- 
oxide and  anhydride :  but,  as  they  are  readily  converted  into  one 
or  other  of  the  two  mentioned  above,  it  is  not  necessary  to  go  into 
details  respecting  them. 

a.  Sesqtnoxide  of  Chromium.  Chromic  Oxide.  Cr^O^. — A  green 
powder,  obtained  by  igniting  the  hydrate.  A  solution  of  sesqui- 
chloride  of  chromium  is  obtained  by  boiling  a  solution  of  bichro- 
mate of  potassium,  and  adding  hydrochloric  acid  and  alcohol  in 
small  quantities  until  the  solution  has  a  deep-green  colour,  and 
ceases  to  evolve  carbonic  anhydride:  from  this  solution  ammonia 
precipitates  sesquihydrate  of  chromium,  of  a  bluish-green  colour, 
which  by  ignition  is  converted  into  sesquioxide.  The  sesquioxide 
is  insoluble  in  acids :  by  fusion  with  an  alkaline  carbonate  and  a 
little  nitre,  it  is  oxidised  into  chromic  acid,  which  is  dissolved  out 
by  water  as  an  alkaline  Chromate.  The  hydrate  is  soluble  in  acids, 
forming  sesquisalts  of  chromiu7n  or  chromic  salts.  These  salts  are 
always  coloured :  there  appear  to  be  two  modifications  of  chromic 
oxide,  one  of  which  forms  green,  the  other  violet,  salts.  Their 
solutions  are  green  or  violet :  by  transmitted  light,  purple-red. 
Sulphide  of  ammonium  precipitates  chromic  hydrate,  insoluble  in 
excess.  AlkaUjie  carbonates  give  greenish  precipitates,  somewhat 
soluble  in  excess.  Carbonate  of  barium  precipitates  the  hydrate 
completely  but  slowly  in  the  cold.  Ammo?iia  precipitates  the 
hydrate,  not  quite  insoluble  in  excess.  Fixed  alkalis  precipitate 
the  hydrate,  readily  soluble  in  excess  to  a  green  solution,  which  is 
reprecipitated  on  boiling.  Zinc  slowly  reduces  chromic  chloride 
when  air  is  excluded,  a  fine  blue  colour  being  produced.  Soluble 
chromic  salts  are  decomposed  by  heat. 

b.  Chromic  Anhydride,  Cr^O^  —  A  scarlet,  crystalline  solid, 
which  is  decomposed  by  heat,  losing  oxygen,  and  being  converted 
into  chromic  oxide.  It  deliquesces  in  the  air,  and  is  very  so- 
luble in  water,  forming  a  dark-brown  solution  of  Chromic  Acid, 
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Cr^O-^IP  :  a  dilute  solution  is  yellow.  The  alkaline  Chromates 
are  soluble  in  water,  and  are  isoniorphous  with  the  corresponding 
sulphates :  the  normal  salts  are  yellow,  the  acid  salts  red.  The 
Chromates  of  strontium,  calcium,  and  maguesium  are  also  soluble: 
all  others  insoluble  in  water,  soluble  in  nitric  acid.  All  Chro- 
mates are  coloured.  Chromic  acid  is  a  powerful  oxidising  agent, 
bleaching  vegetable  colours,  and  being  itself  reduced  to  chromic 
oxide.  All  Chromates  are  reduced  by  heating  with  strong  sul- 
phuric acid,  oxygen  being  evolved  and  chromic  sulphate  formed 
(2Cr20'II2  +  SSO-'H^  =  S^O'^Cr^  +  SOU-  +  O^) :  with  strong 
hydrochloric  acid,  chlorine  is  evolved,  and  chromic  chloride  formed 
(Cr20'IP  +  6ClII  =  Cr2CP  +  40rP  +  C13).  Solutions  of  alkaline 
Chromates  are  also  reduced  by  hydrosulphnric,  sulphurous,  and 
oxalic  acids ;  hy  protosulphatc  of  iron  ;  by  chloride  of  tin  on  addi- 
tion of  hydrochloric  acid  ;  by  zinc  on  addition  of  dilute  sulphuric 
acid  ;  by  alcohol,  sugar,  and  other  organic  compounds,  in  presence 
of  free  acid.  The  same  reduction  is  effected  by  heating  a  solid 
Chromate  with  chloride  of  ammonium,  charcoal,  or  sulphur.  If 
sulKcient  free  acid  be  present,  the  chromic  oxide  formed  remains 
in  solution :  if  not,  hydrosulphuric  acid  precipitates  chromic 
hydrate  mixed  with  sulphur.  The  same  precipitate  is  produced 
by  sulphide  of  ammonium.  Barium-salts  give  with  soluble  Chro- 
mates a  yellow  precipitate  :  lead-salts,  a  lemon-yellow,  silver-salts, 
a  piirple-red,  and  subsalts  of  mercurij,  a  brick-red,  precipitate, 
which  is  converted  by  ignition  into  chromic  oxide.  Chromate  of 
lead  is  soluble  in  potash,  (c)  A  solid  Chromate,  heated  with  per- 
fectly dry  chloride  of  sodium  and  fuming  sulphuric  acid,  gives  off 
red  vapours  chlorochromic  acid,  Cr202C12  (Cr^O^PP-f  2ClNa^- 
S0nP  =  Cr^O^Cl^ -f  SO^Na2+20IP),  which  are  decomposed  by 
water  into  chromic  and  hydrochloric  acids  (Cr20'-'C12  +  20IP  = 
Cr20'lP  +  2Ciri).    {See  p.  26.) 

Blowpipe  reactions.  —  Chromium  compounds  cannot  be  reduced 
to  the  metallic  state  by  heating  on  charcoal  with  carbonate  of 
sodium  in  the  inner  flame.  With  borax  and  microcosmic  salts, 
oxides  of  chromium  give  dark-green  beads  in  either  flame. 

Separation  and  estimation  of  Chromium.  — Chrome-iron-ore  is 
analysed  by  fusing  the  finely  powdered  mineral  in  a  platinum 
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crucible  with  four  times  its  weight  of  bisulphate  of  potassium:  to 
the  fused  mass,  when  cool,  twice  its  volume  of  a  mixture  of  equal 
parts  of  nitre  and  carbonate  of  sodium  is  added,  and  the  whole 
again  fused.  The  whole  of  the  chromium  is  thus  converted  into 
an  alkaline  Chromate,  which  is  dissolved  out  with  water  :  the 
yellow  solution  is  exactly  neutralised  A\ith  nitric  acid,  and  pre- 
cipitated by  subnitrate  of  mercury  ;  or  reduced  by  hydrochloric 
acid  and  alcohol  and  precipitated  by  ammonia  :  the  precipitate 
in  either  case  yields  on  ignition  pure  chromic  oxide.  Chromate 
of  lead  is  analysed  by  digestion  with  fuming  hydrochloric  acid 
and  alcohol,  when  the  chromium  is  dissolved  as  sesquichloride, 
while  chloride  of  lead  remains  behind. 

In  a  solution  containing  chromic  acid,  together  with  chromic 
oxide,  the  former  may  be  estimated  by  precipitation  from  the 
perfecth/  neutral  solution  by  subnitrate  of  mercury.    From  most 
of  the  metals  of  Group  I.  chromium  is  separated  by  hydrosulphuric 
acid  in  an  acid  solution.    From  molybdenum,  toolfram,  and  vana- 
dium, by  converting  the  chromium  entirely  into  chromic  oxide 
by  means  of  hydrochloric  acid  and  alcohol,  expelling  excess  of 
alcohol  by  heat,  adding  ammonia  and  sulphide  of  ammonium,  and 
heating,  when  the  chromium  alone  is  precipitated  as  sesquihy- 
drate,  the  other  metals  being  converted  into  soluble  sulpho-salts. 
Chromium  cannot  be  separated  from  iron  by  means  of  potasli : 
for,  if  the  iron  be  in  excess,  some  chromic  hydrate  remains  un- 
dissolved; and  if  the  chromium  be  in  excess,  some  ferric  hydrate 
is  dissolved.    Chromium  is  best  separated  from  all  metals  of 
Group  IL,  Subdivision  A.  (except  manganese),  by  fusion  with 
nitre  and  carbonate  of  sodium,  and  dissolving  out  the  alkaline 
Chromate  with  water,  the  other  metals  remaining  undissolved  as 
oxides.    Another  method  is  to  treat  the  solution  Avith  excess  of 
potash,  and  heat  it  with  binoxide  of  lead,  when  the  chromium  is 
all  converted  into  Chromate  of  lead,  which  remains  dissolved  in 
the  alkaline  solution,  and,  after  filtration,  is  precipitated  from  it 
by  saturating  the  filtrate  with  acetic  acid.    (Chancel.  Compt. 
rend,  xliii.  927.)    The  oxidation  of  chromium-salts  may  also  be 
effected  by  boiling  with  hypochlorite  of  sodium.  From  manganese, 
cobalt,  nickel,  and  zinc,  it  may  be  separated  by  carbonate  of 
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barium.  From  aluminium  and  ghicinuin  by  repeated  boiling  with 
excess  of  potash  :  or  better,  as  above,  by  fusion  with  nitro  and 
carbonate  of  sodium,  or  by  heating  with  potash  and  binoxide  of 
lead. 

Chromium  is  generally  estimated  as  chromic  oxide.  If  any 
chromic  acid  be  present,  it  is  reduced  to  chromic  oxide  by 
hydrochloric  acid  and  alcohol:  the  chromium  is  then  precipitated 
by  long  boiling  with  ammonia  (avoiding  excess)  as  hydrate,  ignited, 
and  weighed.  If  chromic  acid  only  be  present,  it  may  be  pre- 
cipitated at  once  by  subnitrate  of  mercury.  Or  chromic  acid 
may  be  estimated  directly  by  means  of  oxalic  acid,  which  re- 
duces it  to  chromic  oxide,  being  itself  converted  into  carbonic 
anhydride.  If  the  reduction  be  effected  in  an  apparatus  for  the 
estimation  of  carbonic  acid,  the  carbonic  anhydride  may  be  esti- 
mated by  the  loss  of  weight,  and  the  amount  of  chromic  acid 
calculated  therefrom,  3  eq.  carbonic  anhydride  corresponding  to 
1  eq.  chromic  acid  (2Cr^-O^H2  +  3C-0'»IP=Cr40H6COH50n-'). 
For  the  volumetric  estimation  of  chromic  acid,  see  p.  252. 

GROUP  III. 

Metals  which  are  not  precipitated  by  hydrosnlphuric  acid  or 
sulphide  of  ammonium:  but  are  precipitated  more  or  less 
completely  by  normal  carbonate  of  ammonium. 

These  are  barium,  strontium,  calcium,  {ind'magnesi?an.  They 
are  known  as  the  metals  of  the  alkaline  earths,  or  alkaline-earthij 
metals. 

These  metals  decompose  water,  and  are  oxidised  by  moist  air 
at  the  ordinary  temperature.  Tlieir  oxides,  the  alkaline  earths, 
are  more  or  less  soluble  in  water,  except  that  of  magnesium, 
which  id  insoluble:  the  hydrate  of  magnesium  is  also  dilFicultly 
soluble.  The  solutions  have  a  powerful  alkaline  reaction.  Their 
normal  carbonates  and  phosphates  are  insoluble  in  water:  hence 
they  are  precipitated  from  their  neutral  solutions  by  soluble 
normal  carbonates  and  phosphates.  Their  oxides  decompose 
chloride  of  ammonium  either  at  the  ordinary  temperature  or  at 
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boiling  heat,  ammonia  being  evolved,  and  the  metal  dissolved  as 
chloride.  Their  sulphates  differ  in  solubility:  sulphate  of  barium 
is  insoluble  in  water  or  dilute  acids  ;  sulphate  of  strontium  is  very 
slightly  soluble;  sulphate  of  calcium  somewhat  more  soluble; 
sulphate  of  magnesium  readily  soluble.  Since  the  sulphides  of 
these  metals  are  either  soluble  in,  or  decomposed  by,  water,  they 
are  not  precipitated  by  hydrosulphuric  acid  under  any  circum- 
stances :  nor  are  they  precipitated  by  sulphide  of  ammonium 
unless  they  are  present  as  salts  which  are  insoluble  in  water, 
but  soluble  in  free  acid  (e.  g.  phosphates),  in  which  case,  the  free 
acid  being  neutralised  by  the  ammonia  in  the  suljohide  of  ammo- 
nium, the  salt  is  precipitated  undecomposed.  Under  certain 
circumstances,  therefore,  these  metals  may  appear  in  the  sulphide 
of  ammonium  precipitate  {see  p.  198). 

1.  Itarium.    Ba.    Atomic  weight,  68'6. 

Occurs  chiefly  as  sulphate  (heavy-spar),  and  as  carbonate 
(witherite).    It  is  a  silver-white  metal,  readily  soluble  in  acids. 

Oxide  of  Barium.  Baryta,  Ba-0. — A  greyish  friable  mass, 
obtained  by  the  oxidation  of  the  metal  in  the  air,  or  by  ignition 
of  the  nitrate.  It  combines  with  water  very  readily,  evolving 
great  heat,  and  forming  hydrate  of  barium,  BaHO,  which  after 
fusion  forms  a  white  crystalline  solid,  readily  soluble  in  water. 
The  solution  is  known  as  baryta-water :  it  has  a  strong  alkaline 
reaction,  and  readily  absorbs  carbonic  anhydride  from  tlie  air,  the 
whole  of  the  barium  being  gradually  precipitated  as  carbonate, 
(c)  Sulphuric  acid  or  soluble  sulphates,  even  the  sulphates  of 
calcium  or  strontium,  precipitate  barium  completely  from  all  its 
salts  as  sulphate,  SO^Ba^,  insoluble  in  water,  dilute  acids,  or 
alkalis.*  Chromate  or  bichromate  of  potassium  precipitates  yellow 
Chromate  of  barium,  soluble  in  nitric  acid  (distinction  of  barium 
from  strontium  and  calcium),  (c)  Fluosilicic  acid  gives  a  white 
crystalline  precipitate,  very  slightly  soluble  in  Avater,  insoluble  in 
alcohol  or  dilute  acids.    Oxalic  acid  gives  no  precipitate,  except 

*  Tlie  precipitation  of  insoluble  barium-salts,  even  of  the  sulphate,  is  in  great 
measure  prevented  by  the  presence  of  an  alkaline  citrate.  This  is  the  case 
also  with  strontium  and  calcium,  and  with  several  of  the  heavy  metals. — 
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in  a  very  concentrated  barium  solution.  Phosphate  of  sodium 
gives  -with  neutral  barium  solutions  a  -white  precipitate  of  phos- 
phate, PO'Ba-II,  readily  soluble  in  nitric,  hydrochloric,  or  acetic 
acid.  ^Ukaline  carbonates  precipitate  barium  completely  as 
carbonate,  CO-^Ba-,  soluble  in  all  acids,  even  in  carbonic  acid:  if 
carbonate  of  ammonia  be  used  as  the  precipitant,  ammonia  must 
be  added,  and  heat  applied.  Potash  precipitates  hydrate  of  barium, 
soluble  in  excess  of  water.  Ammonia  gives  no  precipitate. 
Chloride  and  nitrate  of  barium  are  insoluble  in  absolute  alcohol, 
or  in  strong  hydrochloric  or  nitric  acids.  Chloride  of  barium  is 
the  only  soluble  barium-salt  which  is  not  decomposed  by  ignition. 

Blowpipe  reactions. — Barium  compounds,  when  heated  in  the 
inner  flame,  colour  the  outer  flame  green.  An  alcoholic  solution 
of  a  barium-salt  burns  with  a  green  flame. 

Separation  and  estimation  of  Bariutn.  —  Barium  is  separated 
from  all  the  foregoing  metals,  except  lead,  by  sulphuric  acid : 
from  lead,  it  is  separated  by  hydrosulphuric  acid. 

Barium  is  best  estimated  as  sulphate.  It  is  precipitated  from 
a  dilute  solution  by  sulphuric  acid,  the  precipitate  ignited  and 
weighed.  It  may  also  be  estimated  by  precipitation  by  carbonate 
of  ammonium  and  ammonia :  the  carbonate  is  not  decomposed 
by  ignition. 

2.  Strontium.    Sr.    Atomic  weight,  43*9. 

Occurs  chiefly  as  sulphate  (celestine)  and  carbonate  (stron- 
tianite).  It  is  a  light-yellow  metal,  which  oxidises  in  the  air 
more  rapidly  than  calcium. 

Oxide  of  Strontium.  Strontia,  Sr^O.  —  This  compound  is 
obtained  in  the  same  manner  as  baryta,  which  it  closely  resembles. 
It  combines  with  water,  forming  a  hydrate,  SrHO,  which  is 
soluble  in  water,  though  somewhat  less  so  than  liydrate  of  barium. 
The  reactions  of  strontium-salts  closely  resemble  those  of  barium- 
salts.  Sulphate  of  strontium  is  somewhat  more  soluble  in  water 
than  sulphate  of  barium:  hence  sulphuric  acid  or  a  soluble 
sulphate  does  not  precipitate  a  dilute  solution  of  a  strontium-salt 
so  immediately  as  it  does  a  barium-salt.  A  barium-salt  gives  a 
precipitate  with  a  solution  of  sulphate  of  strontium,  which  a 
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strontliim-salt  of  course  does  not.  Bichromate  of  jiotassium  or 
ßuosüicic  acid  do  not  precipitate  strontium-salts.  Oxalic  acid 
precipitates  strontium-salts  more  readily  than  it  does  barium-salts. 
Alkalis,  and  alkaline  carbonates  and  phosphates  behave  with 
strontium-salts  in  the  same  manner  as  witli  barium-salts.  Chloride 
of  strontium  is  soluble,  nitrate  of  strontium  insoluble,  in  absolute 
alcohol. 

Blowpipe  reactions. — Strontium  compounds,  when  heated  in  the 
inner  flame,  colour  the  outer  flame  carmine-red.  An  alcoholic 
solution  of  a  strontium-salt  burns  with  a  carmine-red  flame.  In 
both  cases  the  coloration  is  distinctly  perceptible  in  presence  of  a 
considerable  quantity  of  a  barium-salt. 

Separation  and  estimation  of  Strontium.  —  The  presence  of 
strontium  is  detected  in  a  mixture  of  the  sulphates  of  strontium 
and  barium  by  converting  them  into  carbonates  by  fusion  in  a 
platinum  crucible  with  three  parts  of  carbonate  of  sodium,  convert- 
ing the  carbonates  into  chlorides  by  evaporating  to  dryness  with 
hydrochloric  acid,  treating  the  mixed  chlorides  with  absolute 
alcohol,  and  setting  fire  to  the  alcoholic  solution  of  chloride  of 
strontium.  The  two  metals  may  be  separated  in  this  manner. 
For  qualitative  analysis  it  sufiices  to  boil  the  sulphates  in  a 
sti'ong  solution  of  carbonate  of  sodium,  to  filter  hot,  and  proceed  as 
above.  But  a  better  method  for  the  separation  of  strontium  from 
barium  is  to  add  fluosilicic  acid  to  the  hydrochloric  acid  solu- 
tion of  the  carbonates,  when  the  barium  is  completely  precipitated, 
while  the  strontium  remains  in  solution.  From  the  metals  of  the 
foregoing  groups  strontium  is  separated  by  hydrosulphuric  acid 
and  sulphide  of  ammonium. 

Strontium  is  best  estimated  as  carbonate,  by  precipitation  by 
carbonate  of  ammonium  and  ammonia  from  a  hot  solution.  The 
precipitation  of  strontium  by  this  method  is  more  complete  than 
that  of  barium.  Carbonate  of  strontium  is  not  decomposed  by 
ignition  over  the  lamp.  Strontium  may  also  be  estimated  as 
sulphate  :  but,  as  sulphate  of  strontium  is  not  absolutely  insoluble 
in  water,  it  is  necessary  to  add  alcohol  to  ensure  complete  pre- 
cipitation, which  can  only  be  done  when  the  original  strontium- 
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3.  Calcium.    Ca.    Atomic  weight,  20. 

Occurs  very  abundantly,  chiefly  as  carbonate  (marble,  lime- 
stone, arragonitc);  as  sulphate  (anhydrite,  gypsum);  as  phos- 
phate (bone-earth)  ;  as  chloride  :  and  in  many  other  salts.  It  is 
a  light-yellow  metal,  which  oxidises  slowly  in  moist  air.  It 
decomposes  water  rapidly,  and  dilute  acids  still  more  rapidly, 
evolving  hydrogen. 

Oxide  of  Calcium.  Lime,  Ca^O.  —  A  white  friable  solid, 
obtained  by  igniting  the  carbonate.  It  is  almost  absolutely 
infusible.  It  combines  with  water  very  readily,  evolving  great 
heat,  and  increasing  largely  in  volume,  being  converted  into 
hydrate  of  calcium,  CallO,  or  slahed  lime.  The  hydrate  is  not 
very  soluble  in  water:  the  solution  (Jime-ioater)  has  a  strong 
caustic  taste,  and  an  alkaline  reaction.  It  dissolves  readily  in 
acids,  forming  calcium-salts.  These  closely  resemble  barium- 
and  strontium-salts  in  their  reactions.  Sulphuric  acid  or  soluble 
sulphates  give  no  precipitate  in  very  dilute  solutions  of  calcium- 
salts.  In  concentrated  solutions  they  precipitate  slowly  white 
sulphate  of  calcium,  SO^'Ca^,  soluble  in  about  500  parts  of  water, 
more  readily  soluble  in  acids,  insoluble  in  alcohol:  hence,  if 
sufficient  alcohol  be  added  to  a  calcium  solution,  all  the  calcium 
may  be  precipitated  by  sulphuric  acid.  A  solution  of  sulpliate  of 
calcium  precipitates  barium-  and  strontium-salts,  not  calcium- 
salts,  (c)  Soluble  oxalates  precipitate  calcium  completely  as 
oxalate,  insoluble  in  water,  oxalic  and  acetic  acids,  soluble  in 
mineral  acids:  hence  an  acid  solution  of  a  calcium-salt  must  be 
neutralised  with  ammonia  before  adding  oxalic  acid.  Chromate 
and  bichromate  of  potassium,  and  ßuosilicic  acid,  do  not  precipitate 
calcium-salts.  Alkalis,  and  alkaline  carbonates  and  phosphates 
behave  Avith  calcium-salts  in  the  same  manner  as  with  barium- 
and  strontium-salts.  Chloride  and  nitrate  of  calcium  are  soluble 
in  alcohol. 

Blowpipe  reactions.  —  Most  calcium  compounds,  when  heated 
in  the  inner  flame,  colour  the  outer  flame  yellowish-red.  Alcoholic 
solutions  of  calcium-salts  burn  with  a  yellowish-red  flame. 
Calcium  cannot  be  detected  in  this  way  in  presence  of  strontium. 
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Separation  and  estimation  of  Calcium. — For  the  qualitative  de- 
tection of  calcium  in  presence  of  barium  and  strontium,  the 
solution  is  diluted,  and  the  whole  of  the  barium  and  strontium 
precipitated  by  dilute  sulphuric  acid  or  sulphate  of  potassium  : 
the  whole  is  then  heated  to  boiling,  filtered,  the  filtrate  neutralised 
with  ammonia,  and  oxalate  of  ammonium  added,  when  the  for- 
mation of  a  precipitate  insoluble  in  acetic  acid  indicates  calcium. 
If  very  little  calcium  be  present,  the  precipitate  does  not  form  at 
once. 

Calcium  is  separated  from  the  metals  of  Groups  I.  and  II.  by 
hydrosulphuric  acid  and  sulphide  of  ammonium.  From  barium 
and  strontium,  it  is  separated  by  precipitating  all  these  metals  as 
carbonates,  by  carbonate  of  ammonium  and  ammonia,  dissolving 
the  carbonates  in  nitric  acid,  evaporating  to  dryness,  and  treating 
the  residual  nitrates  with  absolute  alcohol,  which  dissolves  only 
the  nitrate  of  calcium.  The  alcoholic  solution  is  diluted  with 
water,  boiled  to  expel  the  alcohol,  and  pi'ecipitated  by  oxalate  of 
ammonium. 

Calcium  is  generally  estimated  as  carbonate.  The  solution  is 
neutralised  by  ammonia,  and  the  calcium  precipitated  by  oxalate 
of  ammonium  ;  the  oxalate  is  converted  into  carbonate  by  ignition 
at  a  moderate  heat,  and  weighed.  If  the  heat  be  not  raised  above 
low  redness,  the  carbonate  is  not  at  all  decomposed.  It  is, 
however,  safer,  after  the  first  weighing,  to  moisten  the  carbonate 
with  a  concentrated  solution  of  carbonate  of  ammonium,  to  dry  it 
in  the  water-bath,  heat  it  gently  over  the  lamp,  and  weigh  it  again. 
This  method  of  estimating  calcium  cannot  be  applied  to  solutions 
which  contain  a  calcium-salt  which  is  insoluble  in  water,  (e.  g. 
phosphate,)  dissolved  in  free  acid :  for  the  calcium-salt  would  be 
precipitated  at  once  on  neutralising  the  solution  by  ammonia. 
In  such  cases,  the  calcium  is  estimated  as  sulphate,  being  pre- 
cipitated by  dilute  sulphuric  acid,  complete  precipitation  being 
insured  by  the  addition  of  alcohol. 

4.  Magiiesiiim.    Mg.    Atomic  weight,  12. 

Occurs  as  hydrate,  carbonate,  sulphate,  phosphate,  silicate,  and 
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silver-white  metal,  somewhat  malleable.  It  is  not  oxidised  by  dry 
air  at  the  ordinary  temperature,  but  when  heated  to  redness,  it 
burns  with  a  brilliant  flame,  forming  magnesia.  In  moist  air,  it 
becomes  covered  with  a  film  of  hydrate.  It  decomposes  pure 
water  very  feebly;  dilute  acids  with  great  rapidity.  It  seems  to 
be  intermediate  in  its  properties  between  the  metals  of  the  earths 
proper,  and  those  of  the  alkaline-earths. 

Oxide  of  Magnesium.    Magnesia,  Mg-0. — A  white  powder, 
obtained  by  prolonged  ignition  of  the  carbonate.    It  is  almost 
entirely  insoluble  in  water,  readily  soluble  in  acids,  forming 
magnesium-saUs.    The  hydrate,  MgllO,  obtained  by  precipitating 
a  magncsium-salt  by  potash,  is  scarcely  soluble  in  water,  readily 
soluble  in  ammoniacal  salts.    Sulphuric,  Jiuosilicic,  or  oxalic  acid, 
gives  no  precipitate  with  magnesium-salts.    IViosp/iatc  of  sodiu?}i 
gives  no  preciptiate  with  a  dilute  magnesium  solution  in  the  cold; 
with  a  concentrated  solution,  it  precipitates  phosphate,  PO^Mg^H. 
(c)  On  adding  ammonia,  the  whole  of  the  magnesium  is  preci- 
pitated as  phosphate  of  magnesium  and  ammonium,  PO'Mg^NH^, 
slightly  soluble  in  pure  water ;  insoluble  in  water  containing 
ammonia,  even  in  presence  of  ammoniacal  salts ;  soluble  in  mineral 
and  acetic  acids.    If  very  little  magnesium  be  present,  the  preci- 
pitate forms  very  slowly,  so  that  the  solution  must  be  allowed  to 
stand  for  at  least  twelve  hours  in  a  warm  place.    The  formation 
of  the  precipitate  is  facilitated  by  rubbing  the  inside  of  the  vessel 
with  a  glass-rod.    Alkaline  acid  carbonates  and  carbonate  of  am- 
monium give  no  precipitates  in  the  cold.    Carbonate  of  potassium 
or  sodium  precipitates  a  white  basic  carbonate,  soluble  in  am- 
moniacal salts ;  the  precipitate  does  not  form  in  presence  of 
ammoniacal  salts.    Potash,  soda,  lime-  or  baryta-water,  precipi- 
tates white  hydrate,  insoluble  in  excess  of  water  :  ammoniacal 
salts  dissolve  it  readily,  and  hinder  its  formation  in  the  cold. 
Ammonia  (in  absence  of  ammoniacal  salts)  precipitates  half  the 
magnesium  as  hydrate  from  a  neutral  magnesium  solution,  the 
other  half  remaining  in  solution  as  a  double  salt  of  magnesium  and 
ammonium,  which  is  not  decomposed  by  more  ammonia  (SO'*Mg- 
+  Nir'HO=SO^MgNH>  +  MgHO).    Chloride  of  ammonium,  or 
any  ammoniacal  salt,  dissolves  the  precipitated  hydrate,  with 
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evolution  of  ammonia  (MgHO  +  NHJCl  =  MgCl  +  NrP+ OIP). 
If  the  magnesium  solution  contain  sufficient  free  acid,  ammonia 
gives  no  precipitate,  the  hydrate  being  dissolved  in  tlie  ammoniacal 
salt  formed.  Chloride  of  magnesium  is  converted  into  oxide  by 
heating  with  mercuric  oxide,  or  by  repeated  ignition  with  car- 
bonate of  ammonium. 

Blowpipe  reactions. — Magnesium  compounds  do  not  colour  the 
outer  flame.  Heated  on  charcoal,  moistened  with  nitrate  of 
cobalt,  and  again  strongly  heated,  they  assume  a  pale  rose-colour  : 
the  presence  of  other  metallic  oxides  interferes  with  this  re- 
action. 

Separatio?!  and  estiination  of  Magnesium. — Since  the  hydrate 
and  carbonate  of  magnesium  are  soluble  in  ammoniacal  salts,  it  is 
obvious  that  magnesium  cannot  be  completely  precipitated  by 
ammonia  and  carbonate  of  ammonium  from  a  solution  which, 
having  been  treated  with  sulphide  of  ammonium,  must  contain 
ammoniacal  salts.    It  is,  therefore,  advisable  to  ensure  the  com- 
plete non-precipitation  of  magnesium  by  adding  chloride  of  am- 
monium before  precipitating  the  other  alkaline-earthy  metals  by 
carbonate  of  ammonium.    The  filtrate  from  the  carbonates  of 
barium,  strontium,  and  calcium  may  then  contain  magnesium  and 
the  alkaline  metals.    A  portion  of  it  is  tested  for  magnesium  by 
phosphate  of  sodium  and  ammonia  :  and  if  magnesium  be  present 
it  must  be  removed  before  proceeding  to  examine  for  the  alkalis. 
This  is  done  in  the  following  manner :  the  solution  is  evaporated 
to  dryness  and  ignited  to  expel  the  ammoniacal  salts ;  the  residue 
is  dissolved  in  water,  baryta-water  added,  and  the  whole  heated, 
when  the  magnesium  is  completely  precipitated  as  hydrate.  The 
filtrate  is  then  freed  from  barium  by  heating  with  carbonate  of 
ammonium  and  ammonia:  the  solution  again  evaporated  to  dry- 
ness, and  ignited,  to  expel  the  ammoniacal  salts  ;  and  the  residue, 
which  contains  only  the  metals  of  the  fixed  alkalis,  dissolved  in 
water,  and  analysed  as  hereafter  described. 

Magnesium  is  separated  from  the  metals  of  Groups  T.  and  II.  by 
hydrosulphuric  acid  and  sulphide  of  ammonium.  From  barium, 
strontium,  and  calcium,  by  carbonate  of  ammonium  in  presence  of 
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acid,  and  from  calcium,  by  oxalate  of  ammonium  in  presence  of 
chloride  of  ammonium. 

Magnesium  is  generally  estimated  as  pyrophosphate,  T-O^Mg^. 
It  is  precipitated  by  phosphate  of  sodium  and  ammonia,  as  i)hos- 
phate  of  magnesium  and  ammonium,  which  is  Avashed  with  dilute 
ammonia,  dried,  and  ignited,  when  it  is  converted  into  pyrophos- 
phate (2  PO'Mg-'NH<=P-07Mg'*+2NII3  +  01P).  If  no  other 
fixed  substance  be  present,  magnesium  may  be  estimated  as 
sulphate,  by  evaporating  to  dryness,  moistening  the  ignited 
residue  with  slightly  diluted  sulphuric  acid,  and  expelling  the 
excess  of  the  acid  at  a  low  red  heat. 


GROUP  IV. 
Metals  of  the  alkalis,  or  Alkaline  metals. 

Potassium,  Sodium,  Lithium,  Ammonium. 

Tiiese  metals  are  lighter  than  water.  They  decompose  water 
violently  at  the  ordinary  temperature,  evolving  hydrogen,  and 
forming  a  solution  of  an  alkaline  hydrate,  which  has  a  caustic 
taste,  and  a  powerful  alkaline  reaction.  The  compounds  of  these 
metals  with  chlorine,  broinine,  iodi?ie,  fluorine,  cyanogen,  and 
sulphur  are  soluble  in  water:  as  are  nearly  all  the  rest  of  their 
salts.  The  sulphates  of  potassium  and  sodium  are  completely 
converted  into  chlorides  by  repeated  ignition  with  chloride  of 
ammonium. 

1.  Potassium,  or  Kalium.    K.    Atomic  weight,  39. 

Occurs  abundantly  as  nitrate  (saltpetre  or  nitre)  ;  as  sulphate 
(in  alum) ;  as  silicate  (in  various  minerals) ;  also  in  mineral  springs, 
and  in  the  ashes  of  plants.  It  is  a  white  metal,  which  oxidises  with 
great  rapidity  in  moist  air,  so  that  it  is  necessary  to  preserve  it 
from  contact  with  the  air  by  keeping  it  immersed  in  some  liquid 
on  which  it  exercises  no  decomposing  action :  petroleum  or  rock- 
oil  is  generally  employed  for  this  purpose.  It  decomposes  water 
with  extraordinary  violence,  evolving  so  much  heat  that  the  übe- 
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rated  hydrogen  is  set  on  fire,  and  burns  with  a  violet  flame.  It 
is  vohitile  at  a  red  heat. 

Oxide  of  Potassium.  K^O.  — A  grey  solid  mass,  obtained  by 
heating  potassium  Avith  hydrate  of  potassium  in  the  proper  atomic 
proportion.  It  combines  readily  with  water,  forming  the  hydrate, 
KHO  (potash),  which  is  a  white,  hard,  brittle  substance,  that 
deliquesces  in  moist  air,  and  is  very  readily  soluble  in  water, 
(forming  solution  of  potash),  and  in  acids,  (JoTvumg  potassium-salts). 
(c)  With  bichloride  of  plati?m77i,  potassium  solutions,  if  not  too 
dilute,  give  a  yellow  crystalline  precipitate  of  chloroplatinate  of 
potassium,  PtCPK,  slightly  soluble  in  water,  insoluble  in  alcohol 
and  in  acids.  If  very  little  potassium  be  present,  the  solution 
must  be  saturated  with  hydrochloric  acid,  bichloride  of  platinum 
added,  the  whole  evaporated  to  dryness,  and  the  residue  treated 
with  alcohol,  which  leaves  the  chloroplatinate  undissolved,  (c) 
Concentrated  potassium  solutions  are  precipitated  by  aczc?  tartrate 
of  sodium,  as  acid  tartrate  of  potassium,  C^H'*0''KH;  it  is  white; 
crystalline,  soluble  in  about  180  parts  cold  water,  readily  soluble 
in  mineral  acids  or  in  alkaline  solutions.  The  formation  of  the 
precipitate  is  facilitated  by  agitating  the  solution.  Fluosilicic  acid 
gives  a  white  gelatinous  precipitate  of  fluosilicate  of  potassium. 
Perchloric  acid  gives  a  precipitate  of  Perchlorate,  insoluble  in 
alcohol.  When  a  concentrated  solution  of  sulphate  of  aluminium 
is  added  to  a  concentrated  solution  of  a  potassium-salt,  ocathedral 
crystals  of  alum  are  deposited  on  evaporating  the  solution 
(p.  164).  Normal  sulphate,  carbonate,  phosphate,  arsenate,  and 
borate  of  potassium  are  not  decomposed  by  heat.  The  chloride, 
bromide,  and  iodide  are  volatile  without  decomposition  at  a  very 
strong  heat.  Most  other  potassium-salts  are  decomposed  by 
heat. 

Bloivpipe  reactions.  —  Potassium  compounds  impart  a  violet 
colour  to  the  outer  flame.  Alcoholic  solutions  of  potassium-salts 
burn  with  a  violet  flame.  The  colour  is  not  perceptible  to  the 
naked  eye  in  presence  of  sodium  (or  lithium):  but  if  a  thick  piece 
of  dark -blue  glass  be  interposed  between  the  eye  and  the  flame, 
the  yellow  sodium-flame  is  completely  cut  off",  and  the  potassium- 
flame  is  distinctlv  visible,  of  a  ricli  reddish-violet,  cnloiir.     Tn  this 
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manner  a  veiy  small  amount  of  potassium  may  be  detected  in 
presence  of  a  large  quantity  of  sodium  (Cartmell). 

Separation  and  estimation  of  Potassium.  —  Potassium  is  sepa- 
rated from  all  the  foregoing  metals  by  liydrosulphuric  acid, 
sulphide  and  carbonate  of  ammonium.  It  is  estimated  as  cliloro- 
platinate:  alcoliol  is  added  to  complete  the  precipitation,  the  pre- 
cipitate is  washed  with  alcohol,  dried  at  100",  and  weighed. 

Potassium,  when  it  occurs  in  a  compound  not  containing  any 
other  metal,  is  estimated  as  sulphate  or  chloride.  Any  potassium- 
salt  of  a  volatile  acid  is  converted  into  sulphate  by  heating  with 
sulphuric  acid,  excess  of  sulphuric  acid  is  expelled  by  heat,  and 
the  residual  sulphate  weighed.  The  expulsion  of  the  last  traces 
of  sul[>huric  acid  is  facilitated  by  dropping  a  fragment  of  car- 
bonate of  ammonium  into  the  crucible.  In  estimating  potassium 
as  chloride,  ignition  must  be  performed  in  a  covered  crucible,  tho 
chloride  being  somewhat  volatile  at  a  strong  heat. 

2.  ^fiodium,  or  Natrium.    Na.    Atomic  weight,  23. 

Occurs,  like  potassium,  as  carbonate,  nitrate  (Chili  saltpetre), 
&c. :  abundantly  as  chloride,  both  solid  (rock-salt)  and  in  solution  in 
sea-water.  It  much  resembles  potassium  in  appearance  and  pro- 
perties, and  requires  the  same  precautions  for  its  preservation. 
It  does  not  however  combine  with  oxygen  quite  so  violently : 
when  it  decomposes  water  the  heat  evolved  is  sufficient  to  fuse 
the  sodium,  but  not  generally  to  inflame  the  liberated  hydrogen. 

Oxide  of  Sodium.  Na'^0. — Prepared  in  the  same  way  as  oxide 
of  potassium,  which  it  most  closely  resembles.  There  is  the  same 
resemblance  in  external  appearance,  solubility,  &c.  between  the 
hydrate  of  sodium  (soda),  and  potash.  Sodium-salts  are  even  more 
generally  soluble  than  potassium-?alts :  they  give  no  precif)itates 
with  bichloride  of  platinum,  tartaric  or  perchloric  acid,  and  no 
crystals  of  alum  with  sulphate  of  aluminium.  Fluosilicic  acid  gives 
a  gelatinous  precipitate  in  concentrated  solutions.  Metantimonate 
of  potassium  (p.  91)  gives  (in  dilute  solutions  only  after  some  time) 
a  white  precipitate  of  metantimonate  of  sodium.  The  sodium 
solution  must  be  neutral  or  slightly  alkaline,  for  free  acid  would 
separate  antimonic  acid  from  tho  reagent.    This  reaction  detects 
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sodium  in  presence  of  the  other  alkaline  metals :  but  no  other  metals 
must  be  present  in  the  solution.  AVhcn  ignited,  sodium-salts  be- 
have like  potassium-salts  :  chloi-ide  of  sodium  is  less  volatile  than 
chloride  of  potassium. 

Bloicpipe  reactions.  —  (c)  Sodium  compounds  impart  an  intense 
yellow  colour  to  the  outer  flame,  which  quite  conceals  the  colora- 
tion produced  by  any  other  metah  Alcoholic  solutions  of  sodium- 
salts  burn  with  a  yellow  flame. 

Separation  and  estimation  of  Sodium. —  Sodium  is  separated 
from  all  the  metals  of  Groups  I.,  II.,  and  III.  by  hydrosulphuric 
acid,  sulphide  of  ammonium,  and  carbonate  of  barium.  From 
piotassium  by  bichloride  of  platinum  and  alcohol.  Tliis  separation 
is  best  effected  when  the  metals  are  in  the  foimi  of  chlorides.  The 
amount  of  potassium  being  determined  from  the  weight  of  the 
chloroplatinate,  that  of  sodium  may  frequently  be  estimated  by 
difference.  To  estimate  the  sodium  directly,  the  filtrate  from  the 
potassium-salt  must  be  evaporated  to  dryness  at  a  very  gentle  heat, 
and  the  residue  ignited  in  a  platinum  crucible  till  the  chloroplati- 
nate of  sodium  and  the  excess  of  platinic  chloride  are  entirely 
decomposed  :  this  decomposition  is  facilitated  by  the  addition  of  a 
few  crystals  of  pure  oxalic  acid  during  ignition.  The  chloride  of 
sodium  thus  formed  is  dissolved  out  Avith  water,  evaporated  to 
dryness,  ignited,  and  weighed.  Removing  the  platinum  by  hydro- 
sulphuric  acid  does  not  answer  (Rose). 

Sodium  is  estimated  as  sulphate  or  chloride.  The  process  is  the 
same  as  that  given  for  potassium. 

3.  Iiithium.    Li.    Atomic  weight,  6'5. 

Occurs,  not  very  abundantly,  in  certain  minerals  (lepidolite,  peta- 
lite,  spoduinen,  triphylline,  amblygonite).  It  is  a  white  metal,  much 
harder  thnn  potassium  or  sodium.  It  is  lighter  than  any  known  solid  or 
licjuid.  It  is  not  oxidised  in  dry  air;  in  moist  air  it  tarnishes  slowly: 
when  heated  in  air  it  combines  with  oxygen,  burning  with  a  dazzling 
white  flame.  It  decomposes  water  at  the  ordinary  temperature  ;  but  less 
violently  than  potassium  or  sodium. 

Oxide  of  Lithium.  Li^O. — A  white  solid  substance,  obtained  by 
burning  tlie  metal  in  dry  oxygen,  or  decomposing  the  nitrate  bv  pro- 
longed heat.    It  deliquesces  in  the  air,  but  less  rapidly  than  potash  or 

soda:  it  is  slowly  soluble  in  water.  The  hydrate,  LillO  (lithia),  is  a  white 
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siuin  and  sodium :  the  solution  is  strongly  alkaline.  Most  lithium-salts  are 
deliquescent ;  all  are  soluble  in  water  :  the  carbonate  and  phosphate  are 
dillicultly  soluble,  hence  carbonate  or  phosphate  of  sodium  gives  a  wliite  pre- 
cipitate with  concentrated  solutions  of  lithium-salts,  especially  on  boil- 
ing. In  presence  of  sufficient  amnioniacal  salt,  carbonate  of  sodium  gives 
no  precij)itate.  Lithium-salts  are  not  precipitated  by  bichloride  of  plati- 
num, tartaric  or  perchloric  acids,  or  vietantimonate  of  potassium  :  they 
form  no  double  couipound  with  sulphate  of  aluminium.  They  are  gene- 
rally more  easily  decomposed  by  heat  than  the  salts  of  potassium  and 
sodium  :  the  volatility  of  the  chloride  is  between  that  of  chloride  of  potas- 
sium and  chloride  of  sodium.  Chloride  of  lithium  is  soluble  in  a  mixture 
of  absolute  alcohol  and  ether. 

Blon-pipe  reactions. — Lithium  compounds  impart  a  crimson  .colour  to 
the  outer  flame,  which  has  less  yellow  in  it  than  the  strontium-colour. 
Alcoholic  solutions  of  lithium-salts  burn  with  a  crimson  flame.  Heated 
on  platinum-lbil  with  carbonate  of  sodium  in  the  inner  llame,  they 
attack  the  platinum,  producing  a  brown  stain :  the  fused  mass  is  tran- 
sparent while  hot. 

Si'pa7-ution  and  estimation  of  Lithium. — The  most  abundant  lithium-ore 
is  lepidolite.  The  followinj;  method  of  extracting  lithium  from  it  is 
given  by  Troost  (Ann.  Ch.  Phys.  [3.]  li.  l-2lf:  — 10  parts  of  the 
powdered  mineral  areheated  in  a  furnacewith  10  parts  carbonate  of  barium, 
5  parts  sulphate  of  barium,  and  3  parts  sulphate  of  potassium.  When 
the  fused  mass  is  cold,  the  crucible  is  broken,  when  a  transparent  glass  is 
found  at  the  bottom,  and  a  white  crystalline  solid  at  the  top,  consisting  of 
sul[)hates  of  barium,  lithium,  potassium,  and  sodium.  The  alkaline  sul- 
phates are  dissolved  out  by  water,  converted  into  chlorides  by  chloride  of 
barium,  the  potassium  separated  by  bichloride  of  platinum,  and  the 
chlorides  of  lithium  and  sodium  by  alcohol  and  ether.  In  operating  on  a 
large  scale,  the  double  sulphate  of  lithium  and  potassium  is  separated  by 
fractional  crystallisation.  By  increasing  the  yn'oportion  of  sulphate  of 
potassium,  tlie  same  method  is  applicable  to  petalite.  The  richest  lithium- 
ore  is  triphvlline,  a  phosphate  of  iron,  manganese,  and  lithium.  Mill  ler 
gives  the  following  method  for  extracting  lithium  from  it.  The  coarsely 
]>owdered  mineral  is  dissolved  in  strong  hydrochloric  acid,  nitric  acid 
being  added  to  peroxidise  the  iron  :  the  solution  is  then  evaporated  to 
dryness,  and  treated  with  water,  when  all  the  iron  remains  as  insoluble 
phosphate.  The  solution,  containing  chlorides  of  lithium  and  manga- 
nese, and  a  little  phosphoric  acid,  is  treated  with  sulphide  of  barium, 
which  removes  the  two  latter  substances ;  the  excess  of  barium  is  re- 
moved by  sulphuric  acid  (or  carbonate  of  ammonium),  and  the  flltratc 
evaporated  to  dryness  and  ignited.  The  chloride  of  lithium  thus  ob- 
tained frequently  contains  chloride  of  sodium,  which  maybe  separated  by 
alcohol  and  ether.    (Ann.  Ch.  Phys.  [3.]  xlv.  .3,30.) 

Lithium  is  separated  from  potassium  by  bichloride  of  platinum :  froni 
sodium  by  the  solubility  of  its  chloride  in  alcohol  and  ether. 

Lithium  may  be  estimated  as  sulphate  or  chloride. 
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4.  Ammonium.    NIP.  Am.    Atomic  weight,  18. 

This  is  a  hypothetical  metal,  supposed  to  exist  in  ammoniacal 
salts.  It  has  never  been  isolated  ;  but  an  amalgam  of  it  with 
mercury  is  prepared  without  difficulty. 

Ammonia,  NH^,  is  a  compound  of  very  frequent  occurrence  in 
atmospheric  air,  soils  of  all  kinds,  and  in  the  juices  of  plants.  It 
is  very  easily  obtained  by  heating  chloride  of  ammonium  (sal- 
ammoniac)  with  quick -lime.  At  the  ordinary  temperature  it  is  a 
colourless  gas,  possessing  an  alkaline  reaction  :  it  is  very  soluble 
in  water  with  evolution  of  heat,  producing  a  colourless,  powerfully 
alkaline  solution  of  hydrate  of  ammonium  (NH^  ^  H20=NH-*H0), 
analogous  to  hydrate  of  potassium,  KHO.  This  solution  neu- 
tralises acids  completely,  forming  ammonium-salts,  in  which  NH^ 
plays  the  part  of  a  metal,  (e.  g.  CINH-*,  SO^(NH^)-  analogous  to 
CIK,  SO^K-).  Ammonium-salts  are  strictly  isomorphous  with 
potassium-salts,  (c)  All  ammonium-salts  are  decomposed  when 
heated  with  a  fixed  alkali  or  an  alkaline  earth,  gaseous  ammonia 
being  evolved,  which  is  easily  recognised  by  its  characteristic 
smell,  by  its  restoring  the  blue  colour  to  reddened  litmus-paper, 
and  by  its  forming  dense  white  fumes  of  chloride  of  ammonium 
on  contact  with  a  glass-rod  moistened  with  dilute  hydrochloric 
acid.  If  only  a  very  small  trace  of  an  ammonium-salt  be  present, 
it  is  readily  detected  by  heating  the  solution  with  caustic  lime  in 
a  test-tube,  in  the  mouth  of  which  is  placed  a  strip  of  paper 
moistened  with  a  dilute  neutral  solution  of  suhnitrate  of  mercury, 
sulphate  of  copper,  or  sulphate  of  manganese :  in  the  first  case  a 
black  stain  is  formed  on  the  paper,  in  the  second  a  blue,  in  the 
third  a  brown.  Suhnitrate  of  mercury  gives  a  brown  colour  in 
solutions  containing  fi-ee  ammonia.  A  slightly  alkaline  solution 
of  an  ammonium-salt  gives  a  white  precipitate  with  chloride  of  mer- 
cury, (c)  A  solution  of  molyhdate  of  sodium  containing  j)hosphoric 
acid  gives  with  ammonium  solutions  a  yellow  precipitate,  soluble 
in  alkalis  and  non-volatile  organic  acids.  In  very  dilute  solutions 
the  precipitate  does  not  form  immediately,  (c)  When  a  solution 
containing  free  ammonia  or  an  ammonium-salt  is  mixed  with 
tinffish.  and  a  solution  of  iodide  of  mercury  in  iodide  of  nofassium, 
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added,  a  brown  precipitate  or  coloration  is  immediately  pro- 
duced. (N  es  si  er).  This  is  by  for  the  most  delicate  test  for 
ammonia.  With  bichloride  of  platinum  and  acid  tartrate  of  sodium 
ammonium-salts  behave  precisely  like  potassium-salts.  Thechloro- 
platinate  of  ammonium,  PtCPNIP,  is  converted  by  ignition  into 
metallic  platinum,  perfectly  free  from  chlorine.  The  carbonaceous 
residue  left  on  igniting  the  acid  tartrate  of  ammonium  has  no 
alkaline  reaction.  Ammonium-salts  of  fixed  acids  lose  their  am- 
monia when  ignited :  all  otiiers  are  volatilised  by  heat,  some 
being  decomposed  (sulphate,  nitrate,  &c.),  others  Avithout  de- 
composition (chloride,  iodide).  Nitrate  of  ammonium,  or  any 
ammonium-salt  mixed  with  sufficient  niti-e,  is  entirely  decomposed 
and  volatilised  at  a  very  low  heat.  Alcoholic  solutions  of  ammo- 
nium-salts burn  with  a  blue  or  violet  flame. 

Separation  and  estimation  of  Ammoniutn.  —  In  qualitative 
analysis,  ammonium  is  always  tested  for  in  a  separate  portion  of 
the  substance  under  examination.  Ammonium  is  separated  from 
all  other  metals  by  the  decomposition  of  its  salts  when  heated 
with  caustic  lime.  The  ammonia  evolved  is  led  into  hydrochloric 
acid,  and  the  resulting  solution  of  chloride  of  ammonium  precipi- 
tated by  bichloride  of  platinum  and  alcohol. 

Ammonium  is  estimated  as  chloroplatinate.  It  is  precipitated 
by  bichloride  of  platinum  and  alcohol ;  the  precipitate  is  converted 
into  metallic  platinum  by  ignition,  and  weighed:  the  amount  of 
ammonium  is  calculated  from  the  weight  of  the  platinum.  The 
chloroplatinate  may  also  be  collected  on  a  weighed  filter,  dried 
at  100°,  and  weighed  as  such. 


192 


PART  III. 

COURSE  OF  QUALITATIVE  ANALYSIS. 

I.  Preliminary  examination  and  solution  of  solid  bodies. 

The  first  thing  to  be  done  in  the  qualitative  analysis  of  a  solid 
body  is  to  obtain  some  general  information  as  to  its  nature  and 
composition.  This  information,  which  must  necessarily  precede 
any  more  special  analysis  by  the  wet  way,  is  obtained  partly  by  an 
accurate  observation  of  the  physical  properties  of  the  substance 
(its  form,  colour,  lustre,  hardness,  specific  gravity,  &c.) :  but 
chiefly  by  chemical  examination  in  the  dry  way;  i.  e.  by  observ- 
ing the  behaviour  of  the  substance  at  a  high  tcynperature,  either 
alone,  in  contact  with  air,  or  with  some  chemical  compound 
which  produces  either  decomposition  or  simple  solution. 

If  the  substance  contain  organic  matter,  it  usually  blackens 
when  heated,  and  evolves  carbonic  anhydride  when  heated  with 
sulphuric  acid  and  bichromate  of  potassium.  In  this  case  it  is 
best  to  remove  the  organic  matter  before  proceeding  further  : 
since  its  presence  materially  interferes  with  the  reactions  of 
many  mineral  compounds.  This  may  generally  be  efl^ected  by 
heating  the  substance  strongly  for  some  time  in  contact  with  air 
(more  speedily  with  oxygen),  until  the  whole  of  the  carbon  is 
converted  into  carbonic  anhydride.  In  many  cases,  the  oxidation 
of  the  carbon  is  facilitated  by  dropping  nitric  acid  upon  the 
heated  substance.  The  preliminary  examination  of  mineral  or 
inorganic  substances  by  the  dry  way  is  conducted  according  to 
Tables  I.  and  II. :  by  which  we  can  ascertain  not  only  the  general 
chemical  nature  of  the  substance,  but  also  the  presence  or  ab- 
sence of  many  metals,  and  of  some  non-metallic  elements. 
Table  IX.  serves  exclusively  for  the  preliminary  examination 
for  acids ;  especially  for  sucli  acids  as  are  volatile,  or  as  yield 
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volatile  products  of  decomposition  when  heated  with  concentrated 
sulphuric  acid.  These  tables  require  no  explanation:  their  con- 
stant practical  use  can  alone  give  the  necessary  accuracy  to  the 
information  obtained  by  their  means. 

After  having  ascertained  by  the  preliminary  examination  in 
the  dry  way  to  what  class  of  bodies  the  substance  under  examina- 
tion belongs,  the  next  step  is  to  bring  it  into  the  only  form  Avhich 
is  fitted  for  its  qualitative  analysis  in  the  wet  way,  i.  e.,  into  the 
liquid  state  —  in  other  words,  to  dissolve  it.     In  order  to  effect 
this,  it  is  generally  necessary  (when  the  nature  of  the  substance 
allows  it)  to  reduce  it  to  a  fine  powder,  by  pounding  in  a  mortar, 
and,  if  necessary,  by  subsequent  levigation  with  water.     This  is 
indispensable  in  the  case  of  minerals,  especially  of  silicates,  and 
of  all  other  difficultly  soluble,  insoluble,  or  difficultly  decomposable 
compounds.     The  finely-powdered  substance  is  then  boiled  with 
water,  in  order  to  ascertain  its  complete  or  partial  solubility  or 
insolubility  therein.    If  it  be  not  completely  dissolved,  the  solu- 
tion is  filtered  off  from  tlie  residue,  and  a  drop  or  two  of  it  eva- 
porated to  dryness  on  platinum-foil,  when,  if  the  substance  is  par- 
tially soluble  in  water,  a  distinct  residue  is  left ;  if  the  substance 
is  completely  insoluble,  there  is  no  residue.     In  the  former  case 
the  aqueous  solution  is  tested  with  litmus-paper,  to  see  whether 
it  has  a  neutral,  acid,  or  alkaline  reaction ;  and  set  aside  for  further 
examination.    The  portion  insoluble  in  water  is  then  treated  suc- 
cessively with  dilute  and  concentrated  hydrochloric  acid,  particu- 
lar attention  being  paid  to  the  nature  of  the  gas,  if  any,  thereby 
evolved.    Carbonates  evolve  carbonic  anhydride  with  efferves- 
cence:  peroxides  and  Chromates  evolve  chlorine:  cyanides,  hy- 
drocyanic acid  :  many  sulphides,  hydrosulpliuric  acid  :  sulphites 
and  hyposulphites,  sulphurous  anhydride,  with  separation  of  sul- 
phur in  the  latter  case:  most  metals  (z'luc,  iron,  tin,  &c.)  evolve 
hydrogen  ;  or,  if  arsenic  or  antimony  be  present,  arsenide  or  an- 
timonide  of  hydrogen.    If  hydrochloric  acid  does  not  completely 
dissolve  the  substance,  it  generally  effects  the  complete  sejjaration 
of  one  or  more  elements  ;  for  which  reason  the  solution  should  be 
separated  from  the  residue,  and  examined  apart.    The  portion 
insoluble  in  hydrochloric  acid  is  then  treated  successively  with 
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nitric  acid  and  aqua-regia.  Most  sulphides,  tlius  treated,  leave 
a  residue  of  sulphur,  Avliich,  on  prolonged  digestion  with  the 
acid,  collects  into  yelloAv  globules  which  swim' on  the  surface  of 
the  liquid  ;  or  disappears  altogether,  being  oxidised  into  sulphuric 
acid,  Avhich  may  be  detected  in  the  solution,  unless  it  forms  an 
insoluble  salt  with  the  dissolved  metal.  Thus  sulphide  of  lead' 
leaves  a  white  residue  of  sidphate  of  lead,  w,hen  treated  with 
nitric  acid:  sidphides  of  antimony  and  tin  are  converted  into 
white  oxides:  sulphide  of  mercury  is  insoluble  in  nitric  acid, 
readily  soluble  in  aqua-regia. 

Most  metals  are  completely  soluble  in  nitric  acid:  the  only 
metals  not  attacked  by  it  are  gold,  platinum,  iridium,  and  the 
rarer  metals  found  in  platinum-ores.  Gold  and  ])lati7ium  are 
soluble  in  aqua-regia :  tin  and  antimony  are  not  dissolved  by 
nitric  acid,  but  are  converted  into  Avhite  oxides,  insoluble  in 
excess  of  the  acid ;  they  are  readily  soluble  in  aqua-regia  (or  hy- 
drochloric acid  and  chlorate  of  potassium)  provided  excess  of 
nitric  acid  be  avoided. 

If  the  substance  be  not  dissolved  or  decomposed  by  the  above 
acids,  after  long  digestion  at  a  gentle  heat,  it  must  be  one  of  the 
bodies  mentioned  in  Table  III. :  and  it  must  be  rendered  soluble  by 
one  of  the  methods  indicated  in  that  table,  the  particular  method 
chosen  depending  upon  the  general  chemical-  nature  of  the  sub- 
stance, to  be  ascertained  by  an  examination  in  the  dry  way,  ac- 
cording to  Tables  I.  and  IL 

II.  Qualitative  analysis  of  solutions. 

In  the  qualitative  analysis  of  solutions  there  are  two  pre- 
liminary steps  which  should  always  be  taken,  before  proceeding  to 
the  regular  course  of  analysis  in  the  wet  way  by  Tables  IV.  — 
VIII.  These  are,  1.  To  ascertain  whether  the  solution  contains  any 
non-volatile  constituents.  This  is  done  by  evaporating  a  small 
portion  of  it  to  dryness  on  platinum-foil :  if  a  fixed  residue  re- 
mains, which  does  not  volatilise  when  strongly  heated,  some  non- 
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solution  contains  only  volatile  constituents.  In  the  former  caso 
the  residue  should  be  examined  by  Tables  1.  and  II.  2.  To 
ascertain  wlietlier  the  solution  is  neutral,  acid,  or  alkaline  to 
test-paper. 

These  preliminaries  are  of  course  unnecessary  when  the  solu- 
tion has  been  made  by  the  student  himself,  as  described  in  the 
foregoing  section  ;  but  they  should  never  be  neglected  with  a 
solution  given  for  examination,  since,  if  carefully  performed,  they 
may  enable  him  to  conclude  at  once  as  to  the  presence  or  absence 
of  whole  groups  of  bodies.  Thus  it  is  evident  that  a  solution 
which,  after  careful  evaporation  (not  rapid  boiling),  leaves  no 
residue,  can  contain  no  non-volatile  metallic  salts.  A  neutral 
solution  in  general  can  contain  only  salts  of  the  alkaline  and 
alkaline-earthy  metals,  since  the  salts  of  almost  all  the  other 
metals  have  an  acid  reaction.  An  alkaline  solution  (in  which  no 
non-volatile  organic  compounds  are  present)  cannot  contain  any 
of  the  metals  whose  oxides  are  insoluble  in  alkaline  liquids  :  if 
the  alkaline  reaction  be  caused  by  the  presence  of  an  alkaline  car- 
bonate, the  presence  of  the  alkaline-earthy  metals  is  impossible. 
(There  are,  however,  exceptions  to  this  rule :  an  alkaline  solution 
may  contain  salts  of  copper  and  sesquisalts  of  iron,  if  any  non- 
volatile organic  compound  be  present ;  it  may  also  contain  such 
oxides,  cyanides,  and  sulphides  as  are  soluble  in  cyanide  of 
potassium  and  alkaline  sulphides.)  The  presence  of  certain 
acids  implies  the  absence  of  certain  metals,  and  vice  versa :  the 
same  acid  solution  cannot  contain  sulphuric  acid  and  barium, 
hydrochloric  acid  and  silver,  &c.  Silver  need  not  be  looked  for 
in  an  alloy  soluble  in  hydrochloric  acid:  nor  gold,  antimony,  tin, 
&c.,  in  one  soluble  in  nitric  acid. 

It  is  generally  advisable  to  examine  for  acids  and  metals  in 
separate  portions  of  the  solution. 

a.  Examination  for  metals. 

Table  TV.,  which  exhibits  in  a  compendious  form  the  behaviour 
of  all  the  metals  to  general  reagents,  gives  a  general  outline  of  the 
course  to  be  adopted  in  examining  a  solution  for  metals.    With  a 
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very  little  reflection,  the  table  will  be  perfectly  intelligible.  The 
following  rules,  however,  of  the  utmost  importance  in  the  analysis 
of  mixtures  which  may  contain  any  number  of  constituents,  must 
always  be  kept  in  mind. 

1.  The  precipitation  hy  each  general  reagent  must  he  complete. 
— To  ensure  this,  the  reagent  must  be  added  gradually,  allowing 
the  precipitate  already  formed  to  subside  between  each  addition, 
until  no  further  precipitate  is  produced.  In  the  case  of  hydro- 
sulphuric  acid,  the  precipitation  is  complete  v,'hen  the  solution, 
after  being  agitated^  still  smells  strongly  of  the  gas.  Gentle  heat- 
ing facilitates  the  separation  of  precipitates  in  almost  every  case. 
Arsenic  (as  arsenic  acid),  molybdenum,  platinum,  iridium,  and 
rhodium,  are  very  slowly  precipitated  by  hydrosulphuric  acid, 
the  solution  requiring  to  be  left  in  a  warm  place  for  from  12  to  24 
hours  after  its  complete  saturation  with  the  gas.  Pentasulphide 
of  arsenic  separates  much  more  quickly  when  the  solution  is 
heated  to  60°  or  70°. 

2.  Each  group,  when  precipitated,  must  be  thoroughly  freed  by 
toashing  with  water  from  all  members  of  the  subsequent  groups 
which  may  be  contained  in  the  solution. — This  washing  is  effected, 
according  to  circumstances,  either  on  a  filter,  or  by  decantation, 
i.  e.  by  allowing  the  precipitate  to  subside,  pouring  off  the  clear 
liquid,  shaking  up  the  precipitate  with  water,  and  repeating  the 
operation  as  often  as  is  necessary.  If  the  precipitate  contains  any 
easily  oxidable  sulphides,  a  little  hydrosulphuric  acid  must  be 
added  to  the  wash-water  (if  the  sulphide  is  insoluble  in  dilute 
acids,  e.g.  sulphide  of  copper),  or  a  little  sulphide  of  ammonium 
(if  the  sulphide  is  soluble  in  dilute  acids,  e.g.  sulphides  of  iron 
and  manganese),  in  order  to  prevent  the  partial  oxidation  of  the 
sulphide  by  exposure  to  the  air  during  the  washing  of  the  preci- 
pitate. After  the  precipitation  of  each  group,  it  is  advisable  to 
ascertain  the  presence  or  absence  of  any  members  of  the  succeed- 
ing groups,  by  carefully  evaporating  on  platinum-foil  a  moderate 
quantity  of  the  filtrate:  if,  after  ignition,  there  is  no  distinctly 
visible  residue,  non-volatile  substances  need  not  be  looked  for 
further. 
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Hon  and  thorough  washing)  be  neglected,  metals  belonging  to  one 
group  are  liable  to  be  found  among  those  of  another  group ;  and 
consequently,  as  the  analysis  proceeds,  reactions  will  be  obtained 
which  are  not  mentioned  in  the  tables  of  the  different  groups,  and 
which  will  be  the  source  of  great  perplexity  to  the  student. 

3.  The  mineral  acid  employed  to  acidify  the  original  solution 
(when  it  is  not  already  sufficiently  acid)  is  either  hydrochloric  or 
nitric  acid. — It  is  generally  employed  dilute,  and  not  in  sufficient 
quantity  to  interfere  with  the  formation  of  those  sulphides  which 
are  insoluble  in  dilute  acids.  Hydrochloric  is  generally  preferable 
to  nitric  acid :  and  attention  must  then  be  paid  to  the  possible 
precipitation  (of  chlorides  of  silver  and  lead,  and  subchloridc  of 
mercury)  mentioned  in  Table  IV. 

4.  The  application  of  confirmatory  tests  must  never  be  neglected. 
— When,  in  the  course  of  a  systematic  qualitative  analysis,  one  or 
more  members  of  the  diffi'rent  groups  have  been  recognised  as 
constituents  of  the  substance  examined,  by  means  of  the  reactions 
given  in  the  tables,  the  analyst  (especially  the  beginner)  should 
proceed  to  apply  a  series  of  confirmatory  tests,  either  to  the  origi- 
nal substance  or  to  each  constituent  that  he  has  separated  from 
it,  in  order  to  conti'ol  the  results  already  obtained.  The  beginner 
should  never  neglect  these  confirmatory  tests  ;  since  the  object  of 
analytical  practice  is  not  only  to  acquire  the  simple  course  of 
analysis,  but  also  to  become  familiar  with  the  reactions  of  bodies 
generally.  The  observance  of  this  important  rule  is  the  only 
means  by  which  the  unpractised  student  can  avoid  errors  in  his 
analysis :  for  these  errors  arise  invariably  either  from  ignorance 
of  the  reactions  of  bodies  generally,  or  from  neglect  of  the  condi- 
tions on  which  depends  the  appeai*ance  of  those  i)henomena  which 
we  regard  as  proofs  of  the  presence  of  different  bodies.  It  is  for 
this  reason  that  the  reactions  of  acids  and  metals  are  given  in  the 
first  and  second  parts  of  this  work  in  such  detail,  that  no  difficulty 
can  be  experienced  in  the  selection  of  any  reasonable  number  of 
confirmatory  tests. 

The  further  distinction  and  separation  from  each  other  of  the 
metals  constituting  each  group,  are  effected  according  to  Tables 
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V.  YI.  Vn.  and  VIII.  Table  V.  includes  those  metals  wliicli  are 
precipitated  by  hydrosulphuric  acid  from  an  acid  solution: 
Table  VI.  those  which  arc  precipitated  by  sulphide  of  ammo- 
nium: Table  VIL  those  which  are  precipitated  by  carbonate  of 
ammonium :  Table  VIIL  magnesium  and  the  alkaline  metals. 

In  connection  with  Group  II.  (Table  VI.)  it  is  to  be  observed 
that  under  certain  circumstances  the  metals  of  Group  III.  (the 
alkaline-earthy  metals)  may  appear  in  the  sulphide  of  ammonium 
precipitate.  Those  salts  of  barium,  strontium,  and  calcium  which 
are  soluble  in  water,  are  not  precipitated  by  ammonia  or  sulphide 
of  ammonium;  neither  are  magnesium-salts  in  presence  of  a  suffi- 
cient quantity  of  ammoniacal  salt.  But  there  are  some  salts  of 
these  metals  which,  though  insoluble  in  Avater,  are  soluble  in  acids: 
and  if  any  of  these  salts  are  present  in  the  acid  solution,  they  will 
of  course  be  precipitated  unchanged  when  the  acid  that  holds 
them  in  solution  is  neutralised  by  the  addition  of  ammonia,  or 
(what  comes  to  the  same  thing)  of  sulphide  of  ammonium.  The 
alkaline-earthy  salts  which  may  thus  appear  in  the  sulphide  of 
ammonium  precipitate  are  phosphate  of  magnesium  ;  phosphate, 
oxalate,  borate,  fluoride,  of  calcium,  strontium,  or  barium  ;  as  Avell 
as  the  salts  of  several  other  non-volatile  organic  acids.  These 
salts  are  insoluble  in  potash,  and  resemble  the  earths  in  their  be- 
haviour with  general  reagents.  If  an  oxalate  be  present,  the 
precipitate  after  ignition  effiii'vesces  when  dissolved  in  hydrochloric 
acid:  the  solution  is  not  precipitated  by  ammonia,  and  should  be 
examined  for  the  alkaline-earthy  metals  in  the  usual  manner. 
Alkaline-earthy  'phosphates  are  not  decomposed  by  ignition:  the 
metal  they  contain  is  ascertained  by  dissolving  them  in  as  little 
hydrochloric  acid  as  possible,  adding  acetate  of  sodium  to  the 
solution,  and  then  sesquichloride  of  iron,  drop  by  drop,  until  a  red 
colour  is  produced.  The  solution  is  then  heated  to  boiling  and 
filtered:  the  residue  contains  all  the  phosphoric  acid  as  basic 
phosphate  of  iron,  and  the  filtrate  contains  the  alkaline-earthy 
metals  as  chlorides,  to  be  sought  for  in  the  usual  way.  But  the 
best  method  is  to  dissolve  the  precipitate  in  hydrochloric  acid, 
and  to  test  for  each  of  the  acids  and  metals  successively  in  sepa- 
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Table  VI.  Hydrofluoric  acid  must  be  sought  for  in  the  original 
substance. 

ß.  Examination  for  acids. 

The  qualitative  examination  for  acids  is  on  the  whole  more  diffi- 
cult than  that  for  metals:  still,  with  due  care,  it  may  be  executed 
with  great  precision.  In  almost  every  case  the  preliminary  exa- 
mination by  Tables  L  and  IX.,  as  well  as  the  nature  of  the  metals 
already  found,  give  information  as  to  what  class  of  acids  should 
especially  be  looked  for.  The  knowledge  of  the  solubility  of  dif- 
ferent salts,  and  of  the  reactions  of  their  aqueous  solutions  with 
vegetable  colours,  is  of  the  greatest  importance  in  this  examina- 
tion. By  heating  the  substance  either  alone  or  with  concentrated 
sulphuric  acid  (Table  IX.),  the  presence  or  absence  of  organic  and 
of  volatile  inorgajiic  acids  is  at  once  ascertained.  Whenever  there 
is  reason  to  expect  the  presence  of  several  acids  or  their  salts  in 
the  substance  under  examination,  attention  must  be  paid  to  the 
causes  of  error  which  are  likely  to  arise  in  the  preliminary  exami- 
nation from  the  fact  that  the  behaviour  of  a  mixture  of  salts, 
when  heated  alone  or  with  sulphuric  acid,  is  often  different  from 
that  of  each  individual  salt  under  tlie  same  circumstances.  TIius 
a  mixture  of  a  nitrate  or  chlorate  with  a  salt  of  an  organic  acid 
does  not  blacken  when  ignited,  but  commonly  detonates ;  and  if 
the  organic  compound  be  present  in  sufficient  quantity,  no  trace 
of  a  nitrate  is  found  after  ignition,  but  only  a  carbonate,  provided 
the  base  be  an  alkaline  or  alkaline-earthy  metal.  When  licated 
with  concentrated  sulphuric  acid,  a  mixture  of  a  chloride  and  a 
nitrate  does  not  evolve  hydrochloric  and  nitric  acids,  but  clilorine 
and  red  nitrous  fumes:  in  a  mixture  of  a  sulphite  and  a  nitrate 
(chlorate,  Chromate,  &c.),  the  sulphurous  acid  is  converted  into 
sulphuric  acid;  in  a  mixture  of  a  sulphide  and  a  sulphite,  the  two 
acids  decompose  each  other,  sulphur  being  separated,  and  the 
characteristic  smell  of  each  destroyed. 

In  order  not  to  overlook  the  presence  of  uncombincd  volatile 
organic  acids,  the  acid  solution  is  neutralised  with  carbonate  of 
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sodium,  evaporated  to  dryness,  and  ignited:  when  the  organic  acid, 
•which,  if  free,  woukl  have  been  vohitilised  undecompused,  is  de- 
composed with  separation  of  carbon. 

For  the  detection  of  the  most  important  acids  in  a  solution  in 
the  wet  way,  the  usual  course  is  that  laid  down  in  Tables  X.  and 
XI.  The  employment  of  general  reagents  in  examining  for  acids 
has,  in  most  cases,  no  other  aim  than  to  ascertain  the  presence  or 
absence  of  one  or  more  members  of  each  group  of  acids  :  the  de- 
tection of  each  several  acid  belonging  to  these  groups  requires  the 
further  employment  of  the  special  reagents  which  are  indicated 
in  the  tables. 

When,  as  is  frequently  the  case,  a  neutral  solution  is  required 
in  testing  for  acids,  the  solution,  if  acid,  is  neutralised  by  am- 
monia, if  alkaline  by  nitric  acid,  or,  if  nitrate  of  silver  is  not  used 
as  a  reagent,  by  hydrochloric  acid.    If,  however,  the  substance 
to  be  examined  is  insoluble  in  water,  but  soluble  in  acids  without 
apparent  decomposition  (e.  g.  an  alkaline-earthy  phosphate  or 
oxalate),  it  is  obvious  that  the  acid  solution  cannot  be  neutralised 
by  ammonia,  since  the  salt  would  thereby  be  precipitated  un- 
changed.   In  many  such  cases  (of  which  we  have  already  seen 
instances  in  the  sulphide  of  ammonium  precipitate)  the  substance 
may  be  dissolved  in  acetic  acid,  and  the  acid  solution  tested  for 
oxalic  acid  by  chloride  of  calcium,  for  phosphoric  acid  by  sesqui- 
chloride  of  iron,  &c.  But  the  most  universal  method  of  obviating 
this  difficulty  is  to  remove  all  the  metals  except  those  of  the 
alkalis  before  commencing  the  examination  for  acids.  The  volatile 
acids  may  be  separated  from  all  fixed  acids  and  bases  by  distil- 
lation with  dilute  sulphuric  acid.    In  analysing  an  insoluble  salt 
of  an  organic  acid,  the  acid  is  removed  by  boiling  the  compound 
witli  carbonate  of  sodium,  and  detected  in  the  filtrate  after  neu- 
tralisation with  hydrochloric  acid.    When  a  solution  containing 
liydrosulphufic  acid  or  a  soluble  sulphide  has  to  be  tested  for  such 
acids  as  are  precipitated  by  nitrate  of  silver  from  an  acid  solution, 
but  not  by  ferric  salts  {e.  g.  hydrochloric,  hydrobromic,  hydriodic 
acids),  the  hydrosulphuric  acid  is  removed  by  adding  ferric  sulphate, 
and  the  filtrate,  acidulated  with  nitric  acid,  tested  with  nitrate  of 
silver.    Compounds  insoluble  in  water  and  acids  are  rendered 


PART  III. 


SErAEATION  OF  VOLATILE  ACIDS. 


201 


soluble  by  the  methods  given  in  Tables  III.  and  XL  and  then  ex- 
amined for  acids  in  the  wet  way. 

We  have  said  that  the  volatile  acids  may  be  at  once  separated 
from  a  solution  by  distillation  with  dilute  sulphuric  acid.  It  is 
often  advisable  to  employ  this  process,  for  which  the  following 
hints,  relating  to  the  acids  of  most  frequent  occurrence,  will  be 
found  useful.  The  distillation  should  be  effected  in  a  small 
tubulated  retort,  so  arranged  that  all  the  gas  evolved  is  conducted 
into  lime-  or  baryta-water.  If  gas  is  given  off  immediately  on 
adding  sulphuric  acid,  before  applying  heat,  carbonic,  sulphurous^ 
or  hydrosulphuric  acid  is  present:  they  may  be  distinguished 
by  the  smell.  If  carbonic  anhydride  is  evolved  after  heating  for 
some  time,  oxalic  acid  is  present.  Continue  to  heat  gently,  not  to 
boiling,  and  collect  the  distillate  in  three  separate  portions : 

Examine  portion  1  for  hydrocyanic,   hydrochloric  (perhaps 

acetic  and  formic)  acids  : 
Examine  portion  2  for  hydrochloric,  hydrohromic,  hydriodic* ^ 

acetic,  formic,  and  nitric  acids  : 
Examine  portion  3  for  nitric,  succinic,  and  benzoic  acids. 

When  the  third  distillate  has  been  collected,  and  the  sulphuric 
acid  in  the  retort  has  become  concentrated,  heat  strongly :  the 
evolution  of  carbonic  anhydride  and  blackening  indicates  the 
presence  of  non-volatile  organic  acids  {e.  g.  tartaric,  citric).  Empty 
the  retort  into  a  porcelain  basin,  neutralise  with  ammonia,  evapo- 
rate to  dryness,  and  ignite :  blackening  indicates  non-volatile 
organic  acids.  Watch  for  the  peculiar  smell  of  tartaric  acid. 
Exhaust  the  ignited  residue  with  water,  and  examine  the  solution 
for  phosphoric  acid.  It  is  to  be  noted  that  sulphurous  acid  may 
appear  in  the  distillate  when  it  did  not  exist  in  the  original 
solution,  owing  to  the  deoxidation  of  the  sulphuric  acid.  The 
distillate  should  also  always  be  tested  for  sulphuric  acid,  which  is 
not  unfrequently  carried  over  mechanically  if  the  distillation  be 
performed  too  rapidly. 

*  The  formation  of  violet  vapours  in  the  retort  towards  the  end  of  the  dis- 
tillation indicates  the  presence  of  hydriodic  acid. 
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PART  IV. 

EXA^IPLES  FOR  QUANTITATIVE  ANALYSIS. 

Section  I.  Analysis  by  weight. 
1.  Snlphatc  of  Copper.    SO'Cu^  +  511-0. 

For  the  analysis  of  this  salt,  it  is  necessary  to  determine  sepa- 
rately the  water,  the  copper,  and  the  sulphtir  and  oxygen.  It  is 
generally  advisable  (though  not  always  necessary)  to  take  sepa- 
rate portions  of  the  salt  for  the  determination  of  the  metallic 
and  non-metallic  elements  :  ^  grm.  is  generally  sufficient.  The 
salt  should  be  purified  by  re-crystallisation  before  analysis. 

a.  Water. — A  weighed  portion  of  the  salt,  finely  powdered, 
and  dried  over  sulphuric  acid,  is  heated  to  about  200°,  till  it  is 
quite  white,  and  ceases  to  lose  weight :  the  weight  lost  consists 
of  water. 

b.  Copper. — The  same  portion  of  the  salt  is  dissolved  in  water, 
hefited  to  boiling,  and  precipitated  while  hot  by  caustic  potash, 
which  should  not  be  added  in  great  excess.  The  precipitated 
cupric  oxide  is  collected  on  a  filter,  washed  with  hot  water  till  the 
washings  leave  no  residue  when  evaporated  on  platinum-foil,  and  ig- 
nited in  a  platinum  crucible,  together  with  the  ashes  of  the  filter.* 
As  some  of  the  oxide  may  have  been  reduced  by  the  carbonaceous 
matter  of  the  filter,  it  is  moistened  with  a  few  drops  of  nitric 
acid,  again  ignited  in  the  covered  crucible,  and  weighed  when 
cool.    As  cupric  oxide  rapidly  absorbs  moisture  from  the  air,  the 

•  The  best  method  of  incinerating  a  filter  is  (after  the  precipitate  has  been 
removed  from  it  as  completely  as  possible)  to  twist  it  in  a  coil  of  platinum-wire, 
set  it  on  fire,  and  hold  it  so  that  the  ashes  shall  drop  into  the  crucible.  In  all 
cases  when  the  filter  ash  is  ignited  with  the  precipitate,  the  weight  of  the  ash 
must  be  deducted  :  this  is  ascertained  by  incinerating  six  filters  of  the  same 
size  with  that  employed,  and  taking  the  sixth  part  of  the  weight  of  their  ashes 
as  the  average  weight  of  the  ash  of  a  filter  of  that  size. 
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crucible  slioukl  be  allowed  to  cool  over  sulphuric  acitl,  and 
weighed  (still  covered)  as  quickly  as  possible.  (Cu^O  :  :  Cu^  : 
79-4  :  63-4.) 

c.  Sulphur  and  Oxygen — Afresh  portion  of  the  salt  dissolved  in 
water  (or  the  filtrate  from  the  cupric  oxide)  is  acidulated  with 
hydrochloric  acid,  and  completely  precipitated  by  chloride  of 
barium  :  the  whole  is  then  warmed  for  some  minutes,  and  the 
precipitate  allowed  to  subside.  The  clear  liquid  is  then  poured  on 
the  filter,  the  precipitate  stirred  up  with  hot  water,  and  not 
thrown  on  the  filter  till  it  has  completely  subsided.  If  these 
precautions  be  not  attended  to,  the  precipitate  will  pass  through 
the  filter.  The  sulphate  of  barium  is  washed  thoroughly,  dried, 
ignited,  and  weighed  with  the  incinerated  filter.  (SO^'Ba^  :  SO*  : : 
233-2  :  96.) 

Calculated  percentage. 
Hydrated  salt,  SO'  38-49     Cii=  25-42     5H=0  36-09. 
Dry  „    SO'  60-226    Cir  39-774 

2.  Sulphate  of  Iron.   SO^Fe^H-  7  II^O. 

a.  Iron. — A  weighed  portion  of  the  salt  (which  must  be  free 
from  sesquisalt)  is  dissolved  in  water,  the  solution  boiled  with 
aqua-regia  till  the  whole  of  the  iron  is  converted  into  sesquisalt, 
and  precipitated  with  excess  of  ammonia.  The  precipitated  ferric 
hydrate  is  collected  on  a  filter,  washed,  dried,  ignited  with  the 
filter,  and  weighed.    (Fe^O-*  :  Fe-*  : :  10  :  7.) 

b.  Sulphur  and  Oxygen.  —  Estimated  as  in  1. 

c.  Water.  — The  salt  loses  six  atoms  of  water  when  heated  to 
about  100^;  the  seventh  it  does  not  part  with  below  280°,  near 
which  temperature  it  is  decomposed. 

Calculated  percentage. 
ITydratcd  salt,  SO' 34-532    Fc'  20-144    7IP0  45-324. 
Dry  „     SO' 6316     IV  36-84. 

3.  Chloride  Of  Sodium.  ClNa. 

Common  salt  is  not  sufficiently  pure.  The  salt  for  analysis  is 
obtained  by  saturating  a  solution  of  pure  carbonate  of  sodium 
with  hydrochloric  acid,  and  crystallising. 

a.  Chlorine. — The  powdered  salt  is  strongly  heated  before 
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weighing,  to  expel  adhering  moisture :  it  is  then  dissolved  in 
water,  the  solution  acidulated  with  nitric  acid,  and  precipitated 
by  niti'ate  of  silver.  By  gentle  warming  and  brisk  agitation  thi 
chloride  of  silver  soon  subsides :  it  may  be  washed  by  decanta- 
tation,  or  better  on  a  filter,  first  with  water  acidulated  with  nitric 
acid,  and  finally  with  hot  water,  till  the  washings  leave  no  resi- 
due on  evaporation.  It  is  then  dried  and  ignited,  with  the  filter- 
ash,  in  a  weighed  porcelain  crucible,  till  it  is  in  a  state  of  tran- 
quil fusion.  When  cool  it  is  heated  gently  first  with  a  drop  or 
two  of  nitric,  then  of  hydrochloric,  acid,  in  order  to  re-convert 
into  chloride  any  silver  that  may  have  been  reduced  by  the  filter: 
the  excess  of  acid  having  been  expelled  by  gentle  heat,  it  is 
again  fused,  and  weighed  when  cool.  It  may  be  weighed  in  an 
open  crucible.  (ClAg :  CI  : :  143-0  :  35-5.) 

b.  Sodium.  —  Another  weighed  portion  is  gently  heated  in  a 
weighed  platinum  crucible  with  concentrated  sulphuric  acid, 
till  all  the  hydrochloric  acid  is  expelled  :  it  is  then  heated  more 
strongly,  to  expel  excess  of  sulphuric  acid,  and  finally  ignited,  a 
fragment  of  carbonate  of  ammonium  being  placed  in  the  crucible, 
to  decompose  any  acid  salt  that  may  be  formed.  The  resulting 
normal  sulphate  of  sodium  is  weighed  when  cool.  (SO^Na^  : 
Na2  : :  71  :  23.) 

Calculated  percentage. 
CI  60-68    Na  39-32. 

4.  Calc-Spar.    Carbonate  of  Calcium.  CO^Ca'^. 

a.  Calcium. — A  weighed  portion  is  dissolved  in  hydrochloric  acid, 
care  being  taken  that  no  loss  is  caused  by  elFervescence :  the  solu- 
tion is  then  saturated  with  ammonia,  filtered  if  necessary,  and  the 
calcium  precipitated  as  oxalate  by  oxalate  of  ammonium  or  potas- 
sium. The  precipitate  is  allowed  to  stand  for  some  hours  in  a  warm 
place  before  filtration :  it  is  then  washed  Avith  hot  water,  dried, 
and  gently  ignited  together  with  the  filter-ash.  If  too  strong  a 
heat  has  been  applied,  the  resulting  carbonate  of  calcium  may 
have  been  partially  decomposed :  if  this  is  the  case  (which  is 
known  by  its  having  an  alkaline  reaction)  it  is  moistened  with 
carbonate  of  ammonium,  dried,  again  gently  ignited,  and  weighed 
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when  cool.  (CO^Ca^ :  Ca^ : :  5  :  2).  Another  method  is  to  add 
sulphuric  acid  to  the  not  too  dilute  hydrochloric  solution  of  the 
compound,  and  then  several  times  its  volume  of  alcohol.  The 
precipitated  sulphate  of  calcium  is  washed  with  alcohol,  dried, 
ignited,  and  weighed.   (SO^Ca^ :  Ca^ : :  17  :  5.) 

b.  Carbon  and  Oxygen.  —  Another  weighed  portion  is  de- 
composed in  a  weighed  apparatus  for  estimating  carbonic  anhy- 
dride, by  moderately  concentrated  hydrochloric  or  nitric  acid : 
the  apparatus  is  again  weighed,  after  the  carbonic  anhydride  in 
it  has  been  replaced  by  air,  and  the  loss  of  weight  represents  the 
carbonic  anhydride  evolved;  whence  the  amount  of  carbon  and 
oxygen  in  the  salt  is  given  by  the  following  proportion.  (Co- : 
CO^::  11:15.)    (Äeep.  233.) 

5.  Sulphate  of  ^Wagnesium.    SO^Mg2  +  7H20. 

a.  Magnesium.  —  A  weighed  portion  is  dissolved  in  water, 
chloride  of  ammonium  and  ammonia  added,  and  the  magnesium 
precipitated  by  phosphate  of  sodium  as  phosphate  of  magnesium 
and  ammonium.  After  standing  for  several  hours  in  a  warm 
place,  the  precipitate  is  filtered  off,  washed  with  a  mixture  of  3 
pts.  water  and  1  pt.  ammonia,  dried,  ignited  with  the  filter-ash, 
and  weighed.    (PZQ'Mg^ :  Mg^ : :  37  :  8.) 

b.  Sulphur  and  Oxygen.  —  Estimated  as  in  1. 

The  salt  does  not  lose  all  its  water  below  about  230°. 

Calculated  percentage. 

Hytlrated  salt,  SO*  39-02    Mg^  9-76    7PP0  51-22. 
Dry  „     SO'  80-0     Mg^  20-0. 

6.  Phosphate  of  Sodium.    PO^Na^H  +  12H20. 

a.  Phosphorus  and  Oxygen. —  A  weighed  portion  is  dissolved 
in  water,  and  the  solution  precipitated  by  a  mixture  of  sulphate 
of  magnesium,  chloride  of  ammonium,  and  ammonia:  the  pre- 
cipitate is  treated  as  directed  in  o.  a.  (P^O'Mg^ :  PO"*  : :  222  :  95.) 

b.  Sodium.  —  Acetate  of  ammonium  is  added  to  the  aqueous 
solution  of  the  salt,  and  then  sesquichloride  of  iron  till  the 
appearance  of  a  red  tinge,  and  the  whole  heated  to  boiling  :  the 
precipitate  is  filtered  off,  and  thoroughly  washed  with  hot  water. 
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(Or  excess  of  sesquichloride  of  iron  may  be  added  at  oncö,  and, 
after  filtration,  the  excess  of  iron  in  the  filtrate  removed  by  am- 
monia.) The  filtrate  is  evaporated  to  dryness,  the  residue  gently 
ignited,  and  either  Aveighed  as  chloride,  or  converted  into  sulphate 
as  in  3.  b.    (NaCl  :  Na :  :  58-5  :  23.) 

If  the  phosphoric  acid  be  precipitated  by  a  known,  volume  of  a 
standard  solution  of  ferric  chloride  (containing  a  known  amount 
of  iron),  the  increase  of  Aveight  of  the  ignited  precipitate  Avill  give 
the  amount  of  phosphorus  and  oxygen  :  the  former  determination 
may  thus  be  controlled. 

c.  The  hydrogen  is  determined  by  dilFerence. 

The  salt  does  not  lose  all  its  water  below  about  300°. 

Calculated  percentage. 

Hydratcd  salt,  PO*  26-54    Na-  12-85    H  0-28    12ll'0  60-33. 
Dry  „    PO*  66-9     Na'^  32-4     H  0-7 

7.  Acetate  of  I.ead.    (2(C2H302Pb)  -h3H-'0=2  atoms.) 

a.  Lead.  —  The  aqueous  solution  of  the  salt  is  .precipitated  by 
carbonate  of  ammonium,  with  addition  of  a  little  free  ammonia: 
the  precipitated  carbonate  of  lead  is  dried,  converted  into  oxide 
of  lead  by  ignition  in  a  porcelain  crucible,  and  weighed  with  the 
filter-ash.  (Pb^O  :  Pb^ : :  223  :  207.)  Or  the  solution  is  precipi- 
tated with  moderately  dilute  sulphuric  acid,  which  must  be  added 
in  moderate  excess  ;  the  sulphate  of  lead  is  washed  with  water 
acidulated  with  sulphuric  acid,  and  finally  with  alcohol,  dried, 
ignited,  and  weighed.  (SO^Pb^ :  Pb^ : :  303  :  207.)  As  oxide  of 
lead  is  very  easily  reduced  by  carbonaceous  matter,  great  care 
must  always  be  taken  in  igniting  lead-salts,  to  remove  the  pre- 
cipitate from  the  filter  as  completely  as  possible  before  incinerating 
the  latter :  and  the  incineration  must  be  complete  before  the 
filter-ash  is  added  to  the  precipitate.  It  is  perhaps  safer  not  to 
ignite  the  precipitate  at  all,  but  to  collect  it  on  a  filter  which  has 
been  previously  dried  at  120°  and  weighed,  to  weigh  the  dried 
precipitate  and  filter  together,  and  deduct  the  weight  of  the  filter. 
Or  the  solid  salt  may  be  converted  into  sulphate  of  lead  by 
evaporation  with  sulphuric  acid  with  addition  of  a  few  drops  of 
nitric  acid,  ignited,  and  weighed. 
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the  process  for  organic  analysis,  by  combustion  with  oxide  of 
copper. 

Calculated  percenlage. 
CM2-66    HM-58    O'lGSO    Pb-54-62  3H*Ol4-25. 

8.  Tartrate   of  Potassium  and   Sodium.  (Rochellc 
Salt.)    C«irOöKNa  +  4H20. 

a.  Water. — The  estimation  of  the  water  requires  the  careful 
application  of  heat  for  some  time.  The  salt  fuses  below  100° ; 
boils  at  120°;  but  does  not  lose  all  its  water  till  heated  to  215° 
(Wöliler.) 

b.  Potassium  and  Sodium,  —  The  salt  is  ignited,  the  carbon- 
aceous mass  treated  with  dilute  hydrochloric  acid  (or  a  solution  of 
chloride  of  ammonium),  and  the  carbon  removed  by  filtration.  The 
solution  is  evaporated  to  dryness,  the  residue  (of  mixed  chlorides 
of  potassium  and  sodium)  gently  ignited  in  a  covered  platinum 
crucible,  and  its  weight  determined.  It  is  then  dissolved  in  a 
little  water,  excess  of  bichloride  of  platinum  added,  and  the  whole 
evaporated  to  dryness  in  a  water-bath ;  the  residue  is  digested 
with  alcohol,  which  leaves  the  chloroplatinate  of  potassium  alone 
undissolved.  This  is  collected  on  a  weighed  filter,  washed  with 
alcohol,  dried  at  100°,  and  weighed.  (PtCPK  :  K  :  :  244*5  :  39.) 

The  sodium  may  be  determined  by  deducting  the  weight  of 
chloride  of  potassium  from  that  of  the  mixed  chlorides:  but  it  is 
safer  to  control  this  result  by  a  direct  estimation.  This  is  done 
by  evaporating  the  alcoholic  filtrate  (which  should  have  a  distinct 
yellow  colour)  to  dryness,  decomposing  the  residue  of  chloro- 
platinate of  sodium,  by  ignition  in  a  covered  crucible  with  a  few 
crystals  of  pure  oxalic  acid,  dissolving  out  the  chloride  of  sodium 
with  water,  filtering  off  the  metallic  platinum,  evaporating  the 
filtrate  to  dryness,  and  weighing  the  residue  after  gentle  igni- 
tion.   (6.  b.) 

c.  Carbon,  Ili/drogen,  andOxygen.  —  Determined  by  combustion 
with  oxide  of  copper,  with  addition  of  some  phosphate  of  copper. 

Calculated  percentage. 

Hvaratedsalt,C' 17-02  11' 1-42  0«  34  04  K  13-83  Na  8-16  7H'0  25-53. 
Dry         „        22-86    U«  1-9      0«  45-72    K  18-57    Na  10-95. 
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9.  ISiilphates  of  Itariuni,  §»trontluiii,  and  Calcium. 

Ileavyspar,  SO'ßa^.  Celestine,  SO^Sr^.  Gypsum,  SOW 
+  2H20. 

a.  Water. —  The  water  in  gypsum  is  determined  by  ignition. 

b.  Sulphur  and  Oxygen.  —  Sulphate  of  calcium  is  completely 
converted  into  carbonate  by  boiling  with  a  solution  of  carbonate 
of  sodium:  the  solution  contains  all  the  sulphuric  acid.  The  sul- 
phates of  barium  and  strontium  are  not  completely  decomposed  in 
this  manner:  they  must  be  finely  powdered,  and  fused  in  a  pla- 
tinum crucible  with  four  times  their  weight  of  the  mixed  carbo- 
nates of  potassium  and  sodium,  the  fused  mass  treated  with  boiling 
water,  the  earthy  carbonates  filtered  ofi',  the  filtrate  acidulated 
with  hydrochloric  acid,  and  precipitated  by  chloride  of  barium,  as 
in  1.  c. 

c.  If  only  barium  be  present,  the  carbonate,  thoroughly  washed, 
is  dissolved  in  dilute  hydrochloric  acid,  and  precipitated  hot 
by  dilute  sulphuric  acid.    If  strontium  be  present  also,  the  barium 
is  precipitated  first  from  the  hydrochloric  acid  solution  by  fluo- 
silicic  acid,  with  addition  of  alcohol,  and  the  fluosilicate  of  barium 
collected  on  a  weighed  filter,  dried  at  100°,  and  weighed.  (SiF^ 
Ba2 :  Ba2  : :  279-7  :  137-2.)     The  filtrate  is  evaporated  to  dryness 
with  excess  of  sulphuric  acid,  and  the  residue  of  sulphate  of 
strontium  ignited  and  weighed.     (SO^Sr^  :  Sr^  : :  91-9  :  43-9.) 
Barium  may  also  be  separated  from  strontium,  in  a  dilute  neutral 
solution,  by  bichromate  of  potassium,  which  precipitates  the 
barium  only.    If  calcium  and  barium  be  present,  the  solution  is 
largely  diluted,  and  the  barium  precipitated  by  sulphuric  acid: 
the  filtrate  is  then  neutralised  by  ammonia,  and  the  calcium  pre- 
cipitated by  oxalate  of  ammonium  (4,  a).    If  barium,  strontium, 
and  calcium,  be  present,  the  carbonates  are  dissolved  in  nitric 
acid,  care  being  taken  to  obtain  a  solution  as  nearly  neutral  as 
possible,  which  is  then  evaporated  to  dryness  in  a  flask:  the 
residue  is  digested  for  some  time  in  the  corked  flask  with  absolute 
alcohol  in  the  cold,  by  which  the  nitrate  of  calcium  is  alone  dis- 
solved.   The  filtrate  is  diluted  with  water,  most  of  the  alcohol 
evaporated  off,  and  the  calcium  precipitated  as  oxalate :  the  ni- 


PART  IV. 


DOLOMITE.     SrATlIIC  irxON-OKE. 


209 


trates  of  barium  and  strontium  are  dissolved  in  water,  and  the 
metals  separated  as  above. 

The  sulphates  of  strontium  and  calcium  are  entirely  converted 
into  carbonates  by  digestion  in  the  cold  with  a  frequently  renewed 
solution  of  carbonate  of  ammonium  or  potassium;  while  sulphate 
of  barium  is  not  so  decomposed.  Tliis  reaction  is  employed  for 
both  qualitative  and  quantitative  separation  of  the  three  metals. 
The  mixed  carbonates  and  sulphate  are  treated  with  dilute  hy- 
drochloric acid,  which  dissolves  the  strontium  and  calcium  as 
chlorides,  and  leaves  the  sulphate  of  barium  undissolved. 

Calculated  percentage. 

Sulphate  of  barium     -        -  SO' 41-17  Ba^  58-83. 

„         strontium  -        -  SO^  52-23  Sr-  47-77. 

„         calcium,  hydrated  80^55-81  Ca- 23  20    2H=0  20-93. 

dry       -  SO^  70*59  Ca-  29  41. 

10.  Dolomite,  Bittor-<i>|iar.    (Carbonate  of  calcium  and 
magnesium,  frequently  carbonate  of  iron  also.) 

The  mineral,  dried  at  100°,  is  dissolved  in  hydrochloric  acid  (in 
a  flask  or  covered  beaker),  a  little  nitric  acid  added,  and  the  whole 
heated,  in  order  to  convert  the  iron  into  sesquisalt :  chloride  of 
ammonium  and  a  slight  excess  of  ammonia  are  then  added,  and 
any  ferric  oxide  that  may  be  precipitated  filtered  off  rapidly.  The 
calcium  is  then  precipitated  from  the  filtrate  as  oxalate  (4.  a),  and 
the  magnesium  as  double  phosphate  (5.  a).  If  the  mineral  con- 
tains any  silica,  it  is  left  undissolved  by  the  hydrochloric  acid,  and 
is  separated  by  filtration.  The  ferric  oxide  precipitated  by 
ammonia,  generally  contains  some  magnesium  and  (if  the  ammonia 
contain  any  carbonate)  some  calcium  :  in  very  accurate  analyses, 
the  iron  should  be  precipitated  as  in  11.  The  carbon  and  oxygen 
are  estimated  by  difierence:  or  directly,  with  a  fresh  portion  of 
mineral,  as  in  4.  b. 

11.  ^|iiithic>  Iron-ore.    (Carbonate  of  iron,  frequently  con- 
taining carbonates  of  manganese,  calcium,  and  magnesium.) 

The  mineral,  finely  powdered  and  dried,  is  dissolved  in  hot 
hydrochloric  acid,  nitric  acid  or  chlorate  of  potassium  being  added 
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from  time  to  time,  so  as  to  convert  all  the  iron  into  sesquisalt. 
The  solution  is  then  nearly  neutralised  with  carbonate  of  sodium, 
a  saturated  solution  of  acetate  of  sodium  added,  and  the  whole 
lieatetl,  when  all  the  iron  is  precipitated  ;  it  is  filtered  from  the 
hot  solution,  washed  with  hot  water,  dried,  ignited,  and  weighed 
as  sesquioxide  (2.  a).  The  filtrate  is  mixed  with  a  slight  ex- 
cess of  hypochlorits  of  sodium,  acidulated  with  acetic  acid,  and 
allowed  to  stand  for  24  hours,  when  all  the  manganese  is  precipi- 
tated as  binoxide.  If  the  supernatant  liquid  has  a  red  tinge, 
owing  to  the  formation  of  some  permanganic  acid,  a  few  drops  of 
alcohol  must  be  added,  and  it  must  not  be  filtered  till  it  is  colour- 
less. The  precipitate  is  converted  into  manganoso-manganic 
oxide,  Mn'^O'',  by  ignition,  and  weighed.  (Mn^O^ :  Mn^  :  :  55  :  39.) 
In  the  filtrate  calcium  and  magnesium  are  determined,  as  in  10. 

Another  method,  especially  applicable  where  but  little  manga- 
nese is  present,  is  to  dissolve  the  mineral  as  before,  to  add 
ammonia  to  the  solution  until  a  permanent  precipitate  is  just 
formed,  and  to  precipitate  the  iron  by  neutral  succinate  of  ammo- 
nium :  the  precipitate  is  filtered  off  rapidly,  washed  with  cold 
water,  dried,  ignited  in  a  porcelain  crucible,  and  weighed  as  ferric 
oxide.  The  filtrate  is  acidulated  with  hydrochloric  acid,  evapo- 
rated to  dryness,  and  heated  till  the  ammoniacal  salts  are  ex- 
pelled: the  residue  is  dissolved  in  dilute  hydrochloric  acid,  the  solu- 
tion saturated  with  chlorine,  the  manganese  precipitated  as  sesqui- 
hydrate  by  ammonia,  filtered  off  as  rapidly  as  possible  to  avoid  the 
formation  of  carbonate  of  calcium,  and  converted  into  Mn'^0*  by 
ignition,  as  before.  The  calcium  and  magnesium  are  then  deter- 
mined in  the  filtrate. 

12.  Copper-pyrites.    (Sulphide  of  copper  and  iron.) 

The  powdered  mineral  is  heated  (not  to  boiling)  with  aqua- 
regia  in  a  small  flask,  until  the  sulphur  which  separates  out  is  of  a 
pure  yellow  colour  :  the  flask  should  be  placed  obliquely  over  the 
lamp,  so  as  to  avoid  loss  from  possible  ebullition.  If  the  sulphur 
is  fused  into  globules,  it  may  be  separated  by  decantation  ;  if  it  is 
in  the  form  of  a  powder,  it  must  be  collected  on  a  weighed  filter 
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it  is  thoroughly  washed,  dried  in  a  porcelain  crucible  at  a  very 
gentle  heat,  and  weighed.  It  should  then  be  burnt,  to  see  if  it 
contains  any  metal,  or  quartz,  &c.,  the  weight  of  which,  if  found, 
must  be  deducted.  The  sulphur  that  has  been  oxidised  into  sul- 
phuric acid  is  then  precipitated  from  the  solution  by  chloride  of 
barium,  as  in  1.  c,  and  its  weight  added  to  that  of  the  undissolved 
sulphur.  (SO^Ba- :  S  ::  233-2  :  32.)  The  filtrate  is  freed  from 
excess  of  barium  by  dilute  sulphuric  acid,  and  the  copper  com- 
pletely precipitated  by  hydrosulphuric  acid.  The  sulphide  of 
copper  is  filtered  off  as  rapidly  as  possible,  washed  with  water 
containing  hydrosulphuric  acid,  dried  on  the  filter,  detached  as  far 
as  possible  and  thrown  into  a  beaker,  the  filter  being  incinerated 
separately,  and  its  ash  added  to  the  precipitate.  The  whole  is 
then  lieated  with  strong  nitric  acid  until  the  separated  sulphur  is 
of  a  pure  yellow  colour  :  the  solution  is  diluted  and  filtered,  and 
the  copper  precipitated  from  the  filtrate  by  potash,  as  in  1.  b.  The 
filtrate  from  the  sulphide  of  copper  is  heated,  nitric  acid  being 
added  from  time  to  time  to  convert  all  the  iron  into  sesquisalt, 
which  is  then  precipitated  by  ammonia,  as  in  2.  a. 

13.  Zine-hleiide.  (Sulphide  of  zinc,  generally  contains  iron, 
sometimes  copper  and  cadmium.) 

The  mineral  is  dissolved^  and  the  sulphur  estimated,  as  in  12. 
The  solution,  freed  from  barium  by  dilute  sulphuric  acid,  is  satu- 
rated with  hydrosulphuric  acid,  which  precipitates  the  copper 
and  cadmium  as  sulphides  ;  these  are  filtered  oflT,  dissolved  to- 
gether with  the  filter  in  nitric  acid,  the  solution  saturated  with 
potash,  and  hydrocyanic  acid  added  till  the  precipitate  formed  is 
redissolved.  From  this  solution  the  cadmium  is  precipitated  by 
hydrosulphuric  acid :  the  filtrate,  containing  the  copper,  is  boiled 
with  aqua-regia,  and  precipitated  by  potash  (I.  b).  The  sulphide 
of  cadmium  is  dissolved  in  nitric  acid,  and  the  cadmium  precipi- 
tated as  carbonate  by  carbonate  of  sodium,  dried,  converted  into 
oxide  by  ignition,  and  weighed.  (Cd-0  :  Cd2  : :  8  :  7.)  The  fil- 
trate from  the  sulphides  is  boiled,  hypochlorite  of  sodium  being 
added  to  convert  all  the  iron  into  sesquisalt,  neutralised  with 
oT>-.'iinuia.  and  the  iron  precipitated  by  succinate  of  ammonium 
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(11).  If  the  iron  be  precipitated  at  once  by  ammonia,  it  carries 
down  some  zinc.  From  the  filtrate,  the  zinc  is  precipitated  by 
sulphide  of  ammonium*  :  the  sulphide  of  zinc  is  washed  with 
water  containing  a  little  sulphide  of  ammonium,  dissolved  while 
moist  (with  the  filter)  in  hot  hydrochloric  acid,  and  the  hot  solu- 
tion precipitated  by  carbonate  of  anmioniura.  The  carbonate  of 
zinc,  when  ignited,  is  converted  into  zinc-oxide,  and  so  weighed. 
(Zn^O  :  Zn-' : :  81  :  65.) 

14.  Alloy  of  Copper  and  Zinc.  (Brass.) 

The  metal  is  dissolved  in  liydrochloric  acid,  with  gradual 
addition  of  nitric  acid,  the  solution  diluted,  and  precipitated  by 
hydrosulphuric  acid:  the  sulphide  of  copper  is  treated  as  in  12. 
The  filtrate  is  heated  to  boiling,  to  expel  free  hydrosulphuric 
acid,  and  the  zinc  ])recipitated  from  the  hot  solution  by  carbonate 
of  sodium  (13).  Or  the  dilute  solution  of  the  alloy  is  neutralised 
with  ammonia,  and  digested  Avith  a  slight  excess  of  solid  potash 
till  the  colour  and  ammoniacal  smell  have  disappeared :  the  pre- 
cipitated cupric  oxide  is  filtered  olf,  and  the  zinc  precipitated 
from  the  filtrate  by  sulphide  of  ammonium  (13).  If  the  brass 
contains  tin,  it  should  be  dissolved  in  nitric  acid,  when  the  tin 
remains  undissolved  as  binoxide.  Brass  frequently  contains  traces 
of  lead,  which  would  be  precipitated  with  the  copper  by  hydro- 
sulphuric acid,  and  may  be  detected  by  evaporating  to  dryness 
the  solution  of  sulphide  of  copper  in  nitric  acid,  and  treating  the 
residue  with  water,  when  the  sulphate  of  lead  remains  undis- 
solved. 

15.  '^lioy  of  Copper  and  Tin.     (Bronze,  Bell-metal, 
Gun-metal.) 

The  alloy  is  finely  divided  and  oxidised  with  concentrated 
nitric  acid,  most  of  the  free  acid  evaporated  off,  hot  water  added, 
and  the  undissolved  binoxide  of  tin  filtered  off,  washed,  dried, 
ignited,  and  weighed.  (SnO^  :  Sn  : :  150  :  118.)  The  copper 
is  precipitated  from  the  filtrate  by  potash  (1).    If  the  alloy  con- 

*  If  no  ammoniacal  salts  be  present,  the  zinc  may  be  precipitated  at  once  by 
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tain  lead,  iron,  and  zinc,  the  lead  is  precipitated  (after  filtering  off 
the  stannic  oxide)  by  sulphuric  acid,  then  the  copper  by  hydro- 
sulphuric  acid,  and  the  zinc  and  iron  separated  as  in  13.  The 
binoxide  of  tin  separated  by  the  above  method  is  not  quite  free 
from  copper.  A  more  accurate  method  is  to  dissolve  tlie  alloy  in 
weak  aqua-regia,  to  precipitate  with  carbonate  of  sodium,  to  heat 
the  whole  to  boiling,  to  acidulate  with  nitric  acid,  and  allow  the 
whole  to  diirest  for  some  time ;  when  the  binoxide  of  tin  remains 
undissolved. 

Another  method  is  to  heat  the  alloy  in  a  bulb-tube  in  a  stream  of 
dry  cldorine,  when  the  tin  (and  part  of  the  iron)  are  volatilised  as 
chlorides:  1 1 ley  are  received  in  dilute  hydrochloric  acid,  and  tiie  tin 
precipitated  as  sulphide,  which  is  converted  into  oxide  by  ignition. 
The  residual  chlorides  of  copper  and  lead  arc  reduced  by  hydro- 
gen, the  metals  dissolved  in  nitric  acid,  and  separated  as  in  14. 

16.  Alloy  of  Copper,  Ziiie,  ainlllfiekel.  (German  Silver.) 

Tlie  alloy  is  dissolved  in  nitric  acid,  most  of  the  free  acid  evapo- 
rated off,  and  the  copper  precipitated  from  the  dilute  solution  by 
hydrosulphuric  acid  (12).  The  filtrate  is  boiled,  and  the  nickel 
and  zinc  precipitated  hot  by  carbonate  of  sodium.  The  precipi- 
tate is  ignited,  powdered,  and  heated  in  a  stream  of  dry  hydrojxen 
as  long  as  any  water  is  formed,  whereby  the  nickel  alone  is 
reduced  :  the  mixture  of  metallic  nickel  and  oxide  of  zinc  is 
digested  for  24  hours  with  a  concentrated  solution  of  carbonate 
of  ammonium,  which  dissolves  the  oxide  of  zinc:  the  metallic 
nickel  is  washed,  dried,  and  weighed.  The  zinc  solution  is  evapo- 
rated to  dryness,  ignited,  and  weighed  as  oxide.  Or,  the  filtrate 
from  the  sulphide  of  copper  is  concentrated  by  evaporation, 
mixed  with  excess  of  potash,  and  hydrocyanic  acid  added  till  the 
precipitate  is  dissolved  :  from  this  solution  sulphide  of  potassium 
(not  sulphide  of  ammonium)  precipitates  the  zinc  alone  as  sul- 
phide :  the  precipitate  is  treated  as  in  13.  The  filtrate  is  boiled 
with  aqua-regia,  and  precipitated  while  hot  with  potash  :  the 
precipitate  is  washed  with  hot  water,  dried,  ignited,  and  wei<^hed 
as  oxide  of  nickel.   (Ni-'O  :  Ni2  : :  37  :  29.) 
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17.  Alloy  of  l§ilver  anil  Copper.  (Silver  Coins.) 

The  alloy  is  dissolved  in  nitric  acid,  and  the  silver  precipitated 
from  the  solution  by  hydrochloric  acid  :  the  chloride  of  silver  is 
treated  as  in  3.  a.  (AgCl:  Ag::  143-5  : 108.)  The  copper  is  pre- 
cipitated from  the  filtrate  by  potash  (1.  b).  If  the  alloy  contain 
any  gold,  it  remains  undissolved  by  the  nitric  acid  as  a  brown 
powder. 

18.  Alloy  of  Gold  with  Silver  or  Copper.  (Gold 
coins,  &c.) 

a.  Gold  and  Silver. —  The  methods  of  analysing  these  alloys 
vary  according  to  the  proportion  of  each  metal  present.  An 
alloy  containing  less  than  lo  per  cent,  silver  may  be  treated  with 
aqua-regia,  which  dissolves  all  the  gold,  leaving  the  silver  as 
chloride:  the  gold  is  precipitated  from  the  solution,  in  the  me- 
tallic state,  by  oxalic  acid  or  ferrous  sulphate,  washed,  ignited, 
and  weighed  as  metal.  An  alloy  containing  more  than  80  per 
cent,  silver  may  be  treated  with  nitric  acid,  which  dissolves  all 
the  silver,  leaving  metallic  gold  :  the  silver  is  precipitated  as 
chloride  :  the  gold  should  be  dissolved  in  aqua-regia,  to  ascertain 
whether  it  contains  any  trace  of  silver,  and  precipitated  as  above. 
The  alloy  must  be  finely  laminated  in  both  these  cases.  Alloys  con- 
laining  between  15  and  80  per  cent,  silver  must  be  fused  in  a  porce- 
lain crucible  with  3  times  their  weight  of  pure  lead  :  from  the  alloy 
thus  formed  nitric  acid  dissolves  all  the  silver  and  lead,  leavins: 
the  gold.  The  silver  is  precipitated  by  hydrocyanic  acid,  or  from 
the  very  dilute  boiling  solution  by  hydrochloric  acid.  Cyanide  of 
silver  must  be  collected  on  a  Aveighed  filter,  dried  at  100°,  and 
weighed  (AgCN :  Ag  : :  67  :  54). 

All  alloys  of  gold  and  silver,  whatever  the  relative  proportions 
of  the  two  metals,  may  bfe  analysed  by  heating  the  thinly  lami- 
nated alloy  with  concentrated  sulphuric  acid  until  all  evolution  of 
gas  bas  ceased  ;  the  sulphate  of  silver  is  then  dissolved  out  with 
hot  water,  and  the  residue  of  metallic  gold  washed,  ignited,  and 
weighed. 
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and  the  gold  precipitated  from  the  solution  (which  must  not  con- 
tain any  free  nitric  acid)  by  oxalic  acid  :  the  copper  is  then  pre- 
cipitated from  the  filtrate  by  potash  (1.  b).  Or  the  gold  may  be 
precipitated  by  ferrous  sulphate,  and  then  the  copper  by  hydro- 
sulphuric  acid. 

19.  Alloy  of  Tin  auti  Lioad  (Pewter,  soft  solder);  of 
Tiu,  liead,  and  UiNniutli.  (Fusible  metal.) 

a.  Tin  and  Lead. — The  alloy  is  powdered,  and  oxidised  with 
moderately  strong  nitric  acid,  which  converts  the  tin  into  Inso- 
luble binoxide ;  water  is  added,  and  the  stannic  oxide  filtered  off, 
dried,  ignited,  and  weiglied  (15).  The  filtrate  is  evaporated,  with 
addition  of  dilute  sulphur. c  acid,  till  all  the  nitric  acid  is  expelled: 
the  sulphate  of  lead  is  filtered  olf,  and  treated  as  in  7.  a. 

b.  Tin,  Lead,  and  Bismuth.  —  The  alloy  is  treated  as  above  : 
the  stannic  oxide  must  be  washed  with  water  acidulated  with 
nitric  acid  to  dissolve  any  basic  bismuth-salt  that  has  been  preci- 
pitated by  dilution.  The  filtrate  is  treated  as  above  with  sul- 
phui'ic  acid,  and  the  sulphate  of  lead  washed  with  water  containing 
sulphuric  acid  ;  the  bismuth  is  then  precipitated  by  carbonate  of 
ammonium,  the  whole  allowed  to  stand  for  some  time  till  the  pre- 
cipitate is  completely  separated,  when  it  is  filtered  off,  washed, 
dried,  ignited,  and  weighed  as  bismuthic  oxide.  (Bi^O** :  Bi^  : : 
29 : 26.) 

20.  Alloy  of  Antimony  and  f^ead.  (Type-metal.) 

The  finely-divided  alloy  is  oxidised  with  moderately  strong 
nitric  acid,  ammonia  added  in  slight  excess,  and  then  excess  of 
yellow  sulphide  of  ammonium,  with  which  the  whole  is  digested 
out  of  contact  with  the  air,  until  the  precipitate  is  perfectly  black. 
This  precipitate,  which  contains  all  the  lead  as  sulphide,  is  col- 
lected on  a  weighed  filter,  washed  with  weak  sulphide  of  ammo- 
nium, and  finally  with  water,  dried  carefully  at  a  gentle  heat,  and 
weighed  (Pb'^S  :  Pb^ : :  239  :  207) ;  or,  as  the  sulphide  of  lead  may 
contain  free  sulphur,  it  is  safer  to  convert  it  into  sulphate  by 
treatment  with  strong  nitric  acid.  From  the  filtrate,  the  sulphide 
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of  antimony  is  precipitated  by  dilute  sulphuric  acid,  collected  on  a 
weiglieJ  tilter,  dried,  and  weighed.  In  order  to  estimate  the 
antimony,  a  weiglied  portion  of  the  sulphide  is  oxidised  by  con- 
centrated nitric  acid,  and  hydrochloric  acid  added  till  all  the  anti- 
mony is  dissolved  :  enough  tartaric  acid  is  then  added  to  prevent 
precipitation  by  dilution,  and  the  whole  diluted  with  water  ;  and 
the  amount  of  sulphur  determined,  as  in  12,  by  weighing  the 
unoxidised  sulphur,  and  precipitating  the  oxidised  sulphur  by 
chloride  of  barium.  From  this  the  amount  of  sulphur,  and  con- 
sequently that  of  antimony,  is  calculated  for  the  total  weight  of 
the  precipitated  sulphide  of  antimony.  A  simpler  method  is  that 
recommended  by  Bunsen  (p.  94),  of  oxidising  the  sulphide  of 
antimony  by  fusion  with  mercuric  oxide,  and  estimating  the 
antimony  as  Sb^O».    (Sb^O«  :  S¥  : :  19  :  15.) 

Arsenic  and  lead  are  separated  in  a  similar  manner :  the  sul- 
phide of  arsenic,  hoAvever,  is  converted  into  arsenic  acid  by  solu- 
tion in  hydrochloric  acid  with  addition  of  chlorate  of  potassium, 
and  precipitated  by  sulphate  of  magnesium  (after  addition  of 
ammonia  and  chloride  of  ammonium)  as  arsenate  of.  magnesium 
and  ammonium;  which,  after  standing  24  hours,  is  collected  on  a 
weighed  filter,  washed  with  dilute  ammonia,  dried  at  100°,  and 
weighed.  (AsO^Mg2(NH4)  +  iH20  :  As  : :  38  :  15.) 

21.  Cobalt-sflanee.  (Sulphide  and  arsenide  of  cobalt:  ge- 
nerally containing  nickel  and  iron,  sometimes  manganese 
and  quartz.)  Speiss-cobalt  (arsenide  of  cobalt,  with  small 
quantities  of  nickel,  iron,  and  copper).  Copper-nickel 
(arsenide  of  nickel;  also  cobalt  and  iron).  The  smelting- 
products,  called  cobalt-  and  nickel-speiss,  contain  the  same 
elements,  and  frequently  copper  and  bismuth. 

The  same  methods  of  analysis  apply  to  all  these  minerals. 

a.  The  mineral  is  very  finely  powdered  and  carefully  mixed 
with  6  times  its  weight  of  a  mixture  of  2\  parts  nitre,  and  3 
parts  carbonate  of  sodium,  in  a  porcelain  crucible :  it  is  then 
fused  for  some  time  at  a  dull  red  heat,  the  fused  mass  digested 
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washed.*  The  filtrate,  which  contains  all  the  arsenic  as  arsenate, 
and  all  the  sulphur  as  sulphate,  of  sodium,  besides  some  alkaline 
carbonate,  is  acidulated  with  hydrochloric  acid,  chloride  of 
barium  added,  and  the  sulphur  calculated  from  the  weight  of  the 
sulphate  of  barium  precipitated  (12).  The  filtrate  is  freed  from 
excess  of  barium  by  dilute  sulphuric  acid,  chloride  of  ammonium 
and  ammonia  added,  and  then  sulphate  of  magnesium,  which  pre- 
cipitates the  arsenic  as  arsenate  of  magnesium  and  ammonium 
(20).  The  metallic  oxides  are  dissolved  in  concentrated  hydro- 
chloric acid,  the  ashes  of  the  filter  being  added  to  the  solution, 
and  the  copper  and  bismuth  precipitated  by  hydrosulphuric  acid: 
the  sulphides  are  washed  with  water  containing  hydrosulphuric 
acid,  dissolved  in  nitric  acid,  and  the  two  metals  separated  by 
carbonate  of  ammonium,  which  precipitates  only  the  bismuth 
(19).  The  filtrate  from  the  sulphides  is  heated,  chlorate  of  potas- 
sium being  added,  to  convert  the  iron  into  sesquisalt,  and  the  iron 
precipitated  by  succinate  of  ammonium  (11).  From  the  filtrate 
the  cobalt  and  nickel  are  precipitated  by  potash  at  a  boiling  heat, 
and  separated  as  at  p.  148.  If  the  two  oxides  be  reduced  by 
hydrogen,  and  the  reduced  metal  weighed  before  dissolving  it  in 
hydrochloric  acid,  the  direct  determination  of  the  cobalt  will  not 
be  necessary.  If  manganese  be  present,  the  oxides  precipitated 
by  potash  are  converted  into  sulphides  by  heating  them  in  a  small 
porcelain  boat  in  a  stream  of  hydrosulphuric  acid :  the  sulphides 
when  cold  are  treated  with  very  dilute  hydrochloric  acid,  which 
dissolves  the  sulphide  of  manganese,  leaving  those  of  nickel  and 
cobalt  undissolved.  The  separation  is  not  quite  so  exact  when 
the  sulphides  precipitated  by  sulphide  of  ammonium  are  treated 
with  acetic  acid.  The  manganese  is  precipitated  by  carbonate  of 
sodium,  ignited,  and  weighed  as  Mn^O'' (11).  If  the  mineral 
contain  any  quartz,  it  is  left  behind  when  the  oxides  are  dissolved 
in  hydrochloric  acid. 

*  If  the  contents  of  the  crucible  are  allowed  to  cool  completely  before  adding 
water,  the  crucible  invariably  breaks.  This  is  prevented  by  carefully  intro- 
ducing the  crucible,  while  its  contents  are  still  at  a  temperature  of  100'^— 120', 
edgeways  into  a  porcelain  basin  of  hot  water,  when  the  contents  are  readily 
dissolved  out  without  injury  to  the  crucible. 
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b.  The  finely-powdered  mineral  may  be  oxidised  by  gradually 
heating  it  with  3  parts  chlorate  of  potassium  and  3  parts  car- 
bonate of  sodium,  until  the  whole  is  in  a  state  of  tranquil  fusion  : 
this  may  be  done  in  a  platinum  crucible,  the  bottom  of  which 
has  been  covered  with  carbonate  of  sodium.  The  fused  mass  is 
treated  as  in  (a). 

c.  The  mineral  may  be  dissolved  in  concentrated  hydrochlo- 
ric acid  with  gradual  addition  of  nitric  acid,  the  undissolved 
sulphur  filtered  off,  and  the  sulphuric  acid  formed  precipitated  by 
chloride  of  barium  (12).  The  filtrate,  freed  from  excess  of 
barium,  is  heated  with  sulphurous  acid  till  it  no  longer  smells  of 
sulphurous  anhydride,  and  saturated  at  a  gentle  heat  with  hydro- 
sulphuric  acid.  The  sulphide  of  arsenic  is  filtered  off  after  24 
hours,  dissolved  in  aqua-regia,  and  the  arsenic  precipitated  as  in 
(a).    The  filtrate  is  treated  as  in  (a). 

d.  If  the  mineral  contain  lead  and  silver,  it  may  be  advan- 
tageously analysed  by  means  of  chlorine,  as  in  the  case  of  fahl- 
ere (22). 

22.  Falil-ore.     (Sulphides  of  antimony,  arsenic,  copper, 
silver,  mercury,  iron,  and  zinc.) 

All  these  metals  are  not  found  in  every  specimen  of  fahl-ore : 
different  specimens  vary  considerably  both  in  the  number  and  rela- 
tive proportion  of  tlieir  constituents. 

The  finely-powdered  mineral  is  introduced  into  a  double  bulb- 
tube,  one  end  of  which  is  bent  at  a  right  angle,  care  being  taken 
that  all  the  mineral  is  contained  in  the  bulb  which  is  farthest 
from  the  bent  end.  The  straight  end  of  the  tube  is  then  con- 
nected Avith  an  apparatus  for  the  evolution  of  perfectly  dry 
chlorine  ;  and  the  bent  end  is  introduced  air-tight  into  a  receiver 
—  a  large  U  tube  answers  the  purpose  —  containing  a  mixture  of 
dilute  hydrochloric  and  tartaric  acids :  a  bent  tube  is  connected 
with  the  other  end  of  the  U  tube,  by  which  the  excess  of  chlorine 
is  conducted  into  methylated  spirit.  The  bulb-tube  should  not 
be  attached  to  the  chlorine  apparatus  till  all  the  atmospheric 
air  has  been  driven  out  of  the  latter.  A  very  slow  stream  of 
chlorine  is  then  passed  through  the  tube,  which  decomposes  the 
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fahl-ore  with  considerable  evolution  of  heat :  and  when  the  bulb 
containing  tlie  mineral  has  cooled,  it  is  heated  gently  in  order  to 
separate  the  volatile  chlorides,  which  must  bo  driven  beyond  the 
space  between  the  two  bulbs.  Those  elements  whicli  are  volati- 
lised as  chlorides  are  sulphur,  arsenic,  aiitimojiy,  mercury,  part  of 
the  iron  Cand,  if  too  strong  a  heat  has  been  applied,  some  of  the 
zinc):  those  which  remain  in  the  bulb  as  non-volatile  chlorides 
are  copper,  silver,  zinc,  and  most  of  the  iron. 

For  the  analysis  of  the  volatile  chlorides,  the  bulb-tube  is 
divided  between  the  two  bulbs,  and  the  portion  containing  the 
sublimate  covered  with  a  wide  tube,  closed  at  one  end,  and 
moistened  on  tlie  inside  with  water,  in  which  position  it  is  left  for 
24  hours.  The  sublimate  thus  absorbs  water  gradually,  and  may 
then  be  dissolved  out  with  water,  without  the  evolution  of  heat 
and  probable  loss  Avhieh  would  en?ue  if  this  precaution  were 
neglected.  The  tube  being  thoroughly  rinsed  out,  the  solution 
is  added  to  the  liquid  in  the  receiver :  any  sulphur  that  separates  is 
filtered  otf,  and  any  antimony  that  precipitates  is  dissolved  by  heat. 
The  acid  solution  is  then  saturated  with  hydrosulphuric  acid,  the 
washed  precipitate  digested  with  sulphide  of  ammonium,  the 
undissolved  sulphide  of  mercury  collected  on  a  weighed  filter, 
dried  at  100^  and  weighed.  (Hg-S  :  Hg«  : :  29  :  25.)  The  sul- 
phides of  antimony  and  arsenic  are  precipitated  from  the  sulphide 
of  ammonium  solution  by  dilute  sulphuric  acid,  and  the  metals 
separated  as  at  p.  93.  The  filtrate  (containing  tartaric  acid)  is  neu- 
tralised by  ammonia,  sulphide  of  ammonium  added,  the  precipi- 
tated sulphide  of  iron  filtered  oif,  Avashed  with  water  contain- 
ing hydrosulphuric  acid,  dissolved  in  hydrochloric  acid,  the  solu- 
tion heated  with  nitric  acid,  and  the  iron  precipitated  by  am- 
monia (2.  a). 

The  bulb  containing  the  non-volatile  chlorides  is  digested  with 
dilute  hydrocidoric  acid  till  only  chloride  of  silver  remains  undis- 
solved :  this  is  weighed  as  in  3.  a.  From  the  solution  the  copper 
is  precipitated  by  hydrosulphuric  acid  (12):  the  iron  and  zinc  in 
the  filtrate  are  separated  as  in  13. 

The  sulphur  is  best  estimated  in  a  separate  portion  of  the  ore, 
wliicli  is  oxidised  by  careful  fusion  with  3  parts  chlorate  of 
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potassium  and  3  parts  carbonate  of  sodium  (21.  b):  the  fused 
mass  is  digested  "svith  water,  the  solution  acidulated  with  hydro- 
chloric acid,  and  precipitated  by  chloride  of  barium  (1.  c). 

This  mode  of  analysis  is  applicable  to  bournonite  (sulphides  of 
antimony,  lead,  and  copper) ;  red  silver-ore  (sulphides  of  antimony 
or  arsenic  and  silver) ;  and  other  minerals  resembling  fahl-ore 
in  composition.  If  lead  be  present,  the  chlorides  must  be  vola- 
tilised at  a  very  gentle  heat,  when  the  lead  will  remain  with  the 
non-volatile  chlorides :  and  when  these  chlorides  are  treated  with 
dilute  hydrochloric  acid,  a  large  quantity  of  water  must  be  added, 
to  ensure  the  solution  of  the  chloride  of  lead. 

23.  ]W;esotyi»e  or  TITatrolite.    (Silicate  of  aluminium  and 
sodium,  containing  water  of  crystallisation.) 

The  water  is  determined  by  igniting  a  weighed  portion  of  the 
finely  divided  mineral,  which  has  been  dried  at  100°. 

Another  portion,  dried  at  100°  but  not  ignited,  is  digested 
with  concentrated  hydrochloric  acid  in  a  porcelain  basin,  until  all 
that  is  undissolved  is  converted  into  a  jelly,  in  which  no  gritty 
particles  can  be  detected  by  rubbing  with  a  glass  rod.  It  is  then 
evaporated  to  complete  dryness  on  a  waterbath,  with  frequent 
stirring,  the  residue  moistened  with  hydrochloric  acid  and  allowed 
to  stand  for  half  an  hour  without  heating,  and  then  digested  with 
hot  water.  The  silica  is  filtered  off,  washed  till  the  washings 
give  no  cloudiness  with  nitrate  of  silver,  completehj  dried, 
ignited  (with  the  filter),  and  weighed.  (SiO^  :  Si  :  :  60-5  :  28-5.) 
From  the  filtrate  the  aluminium  is  precipitated  as  hydrate  by 
sulphide  (or  carbonate)  of  ammonium,  washed  with  hot  water, 
dried,  strongly  ignited,  and  Aveighcd.  (Al^O^  :  Al"  :  :  102*4  : 
54'4).  The  filtrate  from  the  alumina  is  evaporated  to  a  small 
bulk,  transferred  to  a  weighed  platinum  crucible,  carefully  eva- 
porated to  dryness,  and  heated  till  ammoniacal  salts  are  expelled  ; 
the  residual  chloride  of  sodium  is  ignited  gently,  and  weighed 
(6.  b).  If  the  mineral  contain  any  iron,  it  will  be  precipitated  as 
sulphide  by  the  sulphide  of  ammonium,  and  will  give  a  more  or 
less  })lack  tinffe  to  the  alumina.    In  order  to  estimate  it  the  nre- 
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cipitate  is  dissolved  in  hydrochloric  acid,  heated  to  boiling,  sul- 
phite of  sodium  added,  and  then  excess  of  caustic  soda,  and  the 
whole  boiled  till  the  precipitate  is  black  and  pulverulent.  This 
black  precipitate  (ferrosoferric  oxide)  is  filtered  olf,  dissolved  in 
hydrochloric  acid,  nitric  acid  added  and  the  whole  boiled,  and  tiie 
iron  precipitated  by  ammonia  (2.  a).  From  the  acidulated  filtrate 
the  aluminium  is  precipitated  as  above.  The  alumina  and  ferric 
oxide,  after  weighing,  should  be  treated  again  with  hydrochloric 
acid,  as  they  frequently  contain  small  quantities  of  silica,  the 
wei^lit  of  which  must  be  deducted,  and  added  to  that  of  the 
silica  previously  obtained.  Similarly,  the  pui"ity  of  the  silica  ob- 
tained in  the  analysis  of  a  silicate  should  always  be  tested  by 
carbonate  of  sodium  or  hydrofluoric  acid  :  pure  silica  dissolves 
entirely  in  the  former,  and  when  dissolved  in  the  latter  leaves  no 
residue  on  evaporation. 

In  silicate  analyses,  calculate  the  silicon  and  metals  separately  : 
the  oxygen  is  detex'mined  by  ditFerence. 

24.  Prehnite.  (Silicate  of  calcium  and  aluminium,  containing 
Avater  of  crystallisation.) 

The  same  portion  in  which  the  water  has  been  determined  by 
ignition  is  decomposed  by  hydrochloric  acid,  and  the  silica 
and  aluminium  separated  as  in  23.  Air  should  be  excluded  as 
far  as  possible  during  the  filtration  of  the  alumina,  which  must  be 
precipit,ated  by  sulphide  of  ammonium  :  from  the  filtrate  the  cal- 
cium is  precipitated  as  oxalate  (4.  a).  As  the  alumina  thus  sepa- 
rated generally  contains  both  silica  and  lime,  it  must,  after  Aveigh- 
ing,  be  redissolved  in  hydrochloric  acid,  evaporated  to  dryness, 
and  the  above  process  of  separation  repeated :  the  weights  of  silica 
and  calcium  obtained  being  deducted  from  that  of  the  alumina 
and  added  to  the  former  amounts.  If  iron  be  present  it  is  sepa- 
rated as  in  23.  Stilbite  (  a  mineral  containing  the  same  elements 
as  prehnite)  is  analysed  in  the  same  manner,  excepting  that  (as 
in  mesotype  and  most  other  zeolites)  the  portion  decomposed  by 
hydrochloric  acid  must  not  have  been  ignited. 


222 


OLIVINE.  FELSPAK. 


PART  IV. 


25.  Olivine.  (Silicate  of  iron  and  magnesium :  contains 
also  traces  of  nickel  and  manganese,  frequently  of  copper 
and  tin.) 

The  mineral  is  decomposed  and  the  silica  separated  as  in  23. 
The  filtrate  is  saturated  with  hydrosulphuric  acid,  which  preci- 
pitates copper  and  tin  as  sulphides :  the  filtrate  fi-om  whicli  is 
concentrated  by  evaporation,  boiled  with  chlorate  of  potassium, 
and  the  iron  precipitated  by  succinate  of  ammonium  or  carbonate 
of  barium  (11).  The  nickel  and  manganese  are  then  precipitated 
by  sulphide  of  ammonium,  excess  of  which  must  be  avoided:  the 
precipitate  is  allowed  to  subside  completely,  filtered  off,  washed 
with  very  dilute  sulphide  of  ammonium,  and  treated  on  the  filter 
with  very  dilute  hydrochloric  acid,  which  dissolves  only  the  sul- 
phide of  manganese.  The  sulphide  of  nickel  is  ignited  in  the 
air  and  weighed  as  oxide  (16):  the  manganese  is  precipitated  by 
carbonate  of  sodium  at  a  boiling  heat,  ignited,  and  weighed  as 
Mn'^O''  (11).  Finally  the  magnesium  is  precipitated  by  phosphate 
of  sodium  (5.  a). 

26.  Felspar.    (Silicate  of  aluminium  and  potassium). 

a.  Silicon  and  Aluminium. — The  mineral  is  very  finely  pow- 
dered, dried  at  about  200°,  and  intimately  mixed  in  a  platinum 
crucible  with  4  times  its  weight  of  a  mixture  of  carbonates  of 
potassium  and  sodium,  and  fused  for  half  an  hour  at  a  strong  red 
heat.  When  cool  the  crucible  is  placed  in  a  beaker,  digested  with 
very  dilute  hydrochloric  acid,  the  beaker  being  covered  with  a 
glass  plate  to  prevent  loss  by  spurting.  When  the  fused  mass  is 
completely  removed  from  the  crucible,  the  contents  of  the  beaker  are 
transferred  to  a  porcelain  basin,  evaporated  to  dryness  with  excess 
of  hydrochloric  acid,  and  the  silicon,  aluminium  (and  iron,  if  pre- 
sent), determined  as  in  23.  If  the  felspar  contain  calcium  (as 
labradorite,  anorthite),  the  aluminium  is  precipitated  by  sulphide 
of  ammonium,  and  the  calcium  from  the  filtrate  by  oxalate  of  am- 
monium (4.  a). 

b.  Potassium. — A  second  portion  of  the  powdered  mineral  is 
decomposed  by  hydrofluoric  acid  in  a  platinum  dish,  either  by 
diffestinsr  it  with  the  liquid  acid,  or  by  exposing  it,  moistened  with 
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dilute  sulphuric  acid,  to  the  vapours  of  the  acid  evolved  from 
fluorspar  and  sulphuric  acid  in  an  appropriate  leaden  vessel  (p.  54). 
When  the  decomposition  is  complete,  concentrated  sulphuric  acid 
is  cautiously  added,  the  whole  evaporated  to  dryness,  and  heated 
till  all  the  fluorine  and  silicon  arc  volatilised,  and  the  excess  of 
sulphuric  acid  expelled.  The  residue  is  moistened  with  concen- 
trated sulphuric  acid,  and  water  added,  in  Avhich  it  should 
dissolve  completely,  and  the  aluminium  and  iron  separated  as 
above.  The  filtrate  is  evaporated  to  dryness,  heated  to  expel  the 
ammoniacal  salt,  a  fragment  of  carbonate  of  ammonium  being 
placed  in  the  hot  crucible  to  prevent  the  formation  of  an  acid 
sulphate;  and  the  residual  normal  sulphate  of  potassium  weighed. 
(SO^K- :  K-  : :  87  :  39.)  If  sodium  be  present  also,  the  mixed  sul- 
phates are  converted  into  chlorides  by  repeated  ignition  with 
chloride  of  ammonium  until  their  Aveight  is  constant,  and  the 
metals  separated  as  in  8. 

Another  method,  which,  like  the  preceding  one,  will  serve 
either  for  the  complete  analysis  of  the  felspar,  or  for  the  estima- 
tion of  its  alkaline  metals  only,  is  to  treat  the  mineral  as  in  (a), 
substituting  carbonate  of  barium  for  the  alkaline  carbonates:  or 
it  may  be  fused  in  a  silver  crucible  with  hydrate  of  barium. 
After  the  separation  of  the  silica,  the  barium  is  removed  by 
dilute  sulphuric  acid  (excess  of  which  must  be  avoided),  and  the 
analysis  proceeded  with  as  above.  It  is  essential  to  the  success 
of  this  method  that  the  mineral  be  reduced  to  a  perfectly  impal- 
pable powder,  that. the  mixture  with  the  flux  be  as  intimate  as 
possible,  and  that  the  fusion  be  effected  at  an  intense  white  heat. 
Whenever  a  sufficient  quantity  of  the  mineral  is  at  hand,  it  is 
preferable  to  analyse  it  in  two  distinct  portions,  as  directed 
above. 

27.  fwlass.  (Silicate  of  calciuni  and  potassium  or  sodium, 
frequently  also  of  lead;  often  contains  iron,  manganese, 
aluminium,  and  magnesium). 

Glass  is  analysed  in  the  same  manner  as  felspar.  One  portion 
is  taken  for  the  determination  of  all  the  elements  except  the 
alkaline  metals,  and  fused  with  alkaline  civV.onates.    After  the 
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separation  of  the  silica,  the  lead  is  removed  by  hydrosulphuric  or 
sulphuric  acid :  chlorine-water  is  added  to  the  filtrate  and  then 
ammonia,  which  precipitates  iron,  manganese,  aluminium,  and 
perhaps  magnesium.  The  calcium  is  then  precipitated  by  oxalate 
of  ammonium  (4.  a),  and  the  filtrate  tested  for  magnesium  by  phos- 
phate of  sodium. 

A  second  portion  is  decomposed  by  hydrofluoric  acid,  or  by 
fusion  with  carbonate  of  barium,  for  the  determination  of  the 
alkaline  metals  (26). 

28.  An^jite,  Hornblende,  Crarnet,  ldoera$«e,  Epidot.* 

(Silicates  of  iron,  manganese,  aluminium,  calcium,  and  mag- 
nesium.) 

The  finely  powdered  mineral  is  fused  with  4  parts  alkaline  car- 
bonates, the  fused  mass  treated  with  hydrochloric  acid,  with 
addition  of  a  few  drops  of  nitric  acid,  and  the  silica  separated  as 
in  26.  The  filtrate  is  treated  with  chlorine-water  and  ammonia, 
which  precipitates  iron,  manganese,  aluminium,  and  perhaps  mag- 
nesium: after  which  the  calcium  is  precipitated  by  oxalate  of  am- 
monium, and  the  magnesium  by  phosphate  of  sodium.  The  pre- 
cipitate by  ammonia  is  dissolved  in  hydrochloric  acid,  heated  to 
boiling  in  order  to  convert  all  the  manganese  into  protochloride, 
largely  diluted,  and  gradually  neutralised  by  carbonate  of  sodium, 
with  constant  stirring:  the  iron  and  aluminium  are  thus  precipi- 
tated, filtered  off",  and  separated  as  in  23.  From  the  filtrate,  which 
contains  the  manganese  and  magnesium  as  acid  carbonates,  the 
manganese  is  precipitated  by  hypochlorite  of  sodium,  as  in  11: 
and  the  magnesium,  after  concentration,  by  phosphate  of  sodium. 
Carbonate  of  barium  may  also  be  employed  to  precipitate  the  iron 
and  aluminium. 

29.  Bone-eartli.  (Normal  phosphates  of  calcium  and  magne- 
sium, carbonate  and  fluoride  of  calcium.) 

In  order  to  estimate  the  amount  of  bone-earth,  or  ash,  contained 
in  bones,  a  portion  of  the  bone  is  carefully  cleaned,  powdered,  di- 
gested with  water,  and  dried  at  150°.    A  weighed  portion  of  the 

*  Garnet,  idocrase,  and  epidot  are  completely  decomposed  by  hydrochloric 


PAUT  IV. 


liOXE-EARTU. 


'2'!') 


powder  is  then  ignited  until  it  is  perfectly  white,  when  it  consists 
of  nothing  but  bone-earth.  Another  portion  of  the  dry  powder  is 
taken  for  the  determination  of  the  carbonic  acid  by  loss  (4.  b). 

A  portion  of  the  perfectly  white  earth  is  dissolved  in  hydio- 
chloric  acid,  heated  for  some  time  to  expel  all  tlie  carbonic  acid, 
saturated  with  ammonia,  the  precipitate  redissolvcd  in  as  litth* 
hydrochloric  acid  as  possible,  and  acetate  of  sodium  added.  Traces 
of  iron  are  generally  thus  precipitated  as  phosphate,  and  mnst  be 
filtered  off  and  estimated:  but  if  a  more  abundant  white  precipi- 
tate is  formed,  dilute  hydrochloric  acid  is  added  till  it  is  entirely 
redissolved.  From  the  solution  the  calcium  is  then  precipitated 
by  oxalate  of  potassium  (4.  a):  the  filtrate  is  saturated  with  am- 
monia, wliich  precipitates  all  the  magnesium  (together  with  the 
amount  of  phosphoric  acid  corresponding  to  it)  as  phosphate;  this 
is  filtered  otF,  ignited,  and  weighed,  and  the  rest  of  the  phosphoric 
acid  precipitated  from  the  filtrate  by  sulphate  of  magnesium,  chlo- 
ride of  nmmonium,  and  ammonia  (6.  a). 

Another  method  is  to  heat  the  bone-earth  with  moderately  strong 
nitric  acid,  together  with  a  weighed  quantity  of  pure  metallic  tin, 
from  two  to  three  times  the  weight  of  the  earth.  All  the  phos- 
jihoric  acid  in  the  earth  combines  with  the  tin,  forming  an  in- 
soluble compound,  which  is  filtered  off  after  dilution,  dried,  ignited, 
and  weighed.  The  excess  of  weight  of  this  residue  over  that  of 
the  tin  employed,  represents  the  phosphorus  and  oxygen  of  tho 
])hosphoric  acid.  The  calcium  and  magnesium  are  determined 
in  the  filtrate  as  usual.  A  more  accurate  method  of  estimatinir 
the  phosphoric  acid  is  by  transferring  the  insoluble  phosphate 
of  tin,  Avashed  by  decantation,  to  a  platinum  dish,  dissolving- 
it  in  the  smallest  possible  quantity  of  caustic  potash,  saturating 
the  solution  with  hydrosulphuric  acid,  adding  sulphide  of  am- 
monium, and  acidulating  feebly  with  acetic  acid.  The  whole 
is  then  transferred  to  a  weighed  flask  of  about  1  litre  capa- 
city, diluted  with  water,  and  the  full  flask  weighed.  After  about 
twelve  or  sixteen  hours'  standing,  the  clear  solution  is  passed 
tlirough  a  filter,  concentrated,  and  the  phosphoric  acid  precipitated 
as  phosphate  of  magnesium  and  ammonium.  The  flask  is  then 
weighed  again,  in  order  to  determine  the  weight  of  the  liquid 
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pourcil  off.  It  is  then  only  necessary  to  ascertain  the  weight  of 
the  sulphide  of  tin,  either  directly  or  by  calculation,  in  order  to 
be  able  to  calculate  the  total  amount  of  phosphoric  acid. 

The  fluorine  is  either  determined  in  a  separate  portion  by  the 
process  given  at  p.  47 ;  or  by  calculation,  by  deducting  from  the 
total  weight  of  calcium  obtained  the  amount  which  was  contained 
jn  the  earth  as  carbonate  and  phosphate;  the  excess  of  calcium 
was  contained  as  fluoride.  (CaF:  F: :  39:  19.) 

30.  Ashes,  animal  or  vegetable.  (Salts  of  iron,  magnesium, 
calcium,  potassium,  sodium  (rarely  manganese  and  alumin- 
ium); generally  carbonates,  silicates,  sulphates,  phosphates, 
chloi'ides  (rarely  bromides,  iodides,  and  fluorides). 

The  vegetable  or  animal  matter  is  incinerated  until  the  car- 
bonaceous matter  is  completely  burnt,  and  the  residue  is  quite 
white :  the  occasional  addition  of  a  drop  of  nitric  acid  facilitates 
the  combustion  of  the  carbon.  If  the  substance  were  previously 
dried  at  100°  and  weighed,  the  weight  of  the  ash  will  give  the 
percentage  of  inorganic  constituents.  The  ash  should  be  finely 
powdered  and  kept  in  a  stoppered  bottle. 

a.  Carbonic  acid  is  determined  by  loss  (4.  b)  in  a  portion  of 
the  ash  which  has  been  incinerated  without  the  addition  of  nitric 
acid. 

b.  Chlorine  {Bromijie,  Iodine).  —  A  second  portion  of  the  ash 
is  digested  with  water  acidulated  with  nitric  acid,  and  the  chlorine 
precipitated  from  the  filtrate  by  nitrate  of  silver  (3.  a). 

c.  Silicon  and  other  constituents.  —  A  lai'ger  portion  of  the  ash 
is  decomposed  by  excess  of  hydrochloric  acid,  and  the  silica 
separated  as  in  23.  When,  as  is  often  the  case,  the  ash  contains 
carbon  or  sand,  these  will  remain  with  the  silica,  which  should 
therefore,  after  weighing,  be  digested  with  dilute  potash  in  a 
platinum  crucible  till  all  the  silica  is  dissolved,  except  that  exist- 
ing as  sand.  The  residue  is  collected  on  a  weighed  filter,  weighed, 
and  its  weight  deducted  from  that  of  the  silica,  and  from  that  of 
the  ash  employed.  By  evaporation  to  dryness  with  hydrochloric 
acid,  the  silica  may  be  separated  again  from  the  alkaline  solution. 
TliP  filtrntp  pnntninino-  all  tlift  ntlipr  rnnsf i f iipnfs;  nf  tisli  ia 
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measured  or  weighed,  and  divided  into  three  portions,  whose 
volume  or  weight  is  ascertained.  In  one  portion  the  sulphuric 
acid  is  estimated  by  chloride  of  barium  (l.c):  in  another,  the 
alkaline  metals  (8) :  in  the  third,  the  other  metals  and  the  phos- 
phoric acid  (28,  29). 

When,  as  is  the  case  with  the  ashes  of  seeds,  the  whole  or  the 
greater  part  of  the  ash  consists  of  phosphates,  the  analysis  pro- 
ceeds as  in  29:  the  filtrate  from  the  silica  is  saturated  with 
ammonia  and  then  with  acetic  acid,  when  the  iron  and  part  of 
the  phosphoric  acid  are  precipitated  as  phosphate ;  then  the 
calcium  is  precipitated  by  oxalate  of  potassium :  then  another 
part  of  the  phosphoric  acid  and  all  the  magnesium  by  ammonia : 
and  then  the  rest  of  the  phosphoric  acid  by  a  magnesium-salt. 
When  the  ash  is  poor  in  phosphoric  acid,  the  addition  of  ammonia 
after  the  removal  of  the  calcium  does  not  precipitate  all  the  mag- 
nesium :  that  which  remains  in  solution  must  be  precipitated  by 
phosphate  of  sodium,  or,  if  the  alkalis  are  to  be  determined  in  the 
same  solution,  by  phosphate  of  ammonium.  When  manganese  is 
present,  as  well  as  iron  and  phosphoric  acid,  the  phosphate  of  iron 
is  first  estimated,  by  saturation  first  with  ammonia  and  then  with 
acetic  acid :  the  filtrate  is  then  mixed  with  a  known  volume  of 
a  standard  solution  of  ferric  chloride  (containing  a  known  amount 
of  iron)  as  neutral  as  possible,  and  the  whole  heated  to  boiling. 
The  precipitate  is  washed  with  hot  water,  ignited,  and  weighed : 
it  contains  all  the  phosphorus  and  oxygen  of  the  phosphorio 
acid,  which  is  estimated  by  deducting  from  the  weight  of  the 
precipitate  that  of  the  iron  added  as  chloride.  In  the  filtrate, 
manganese,  calcium,  and  magnesium  are  determined  as  in  11. 

For  the  estimation  of  the  alkaline  metals,  the  solution  of  the 
ash  (after  the  separation  of  silica)  is  precipitated  first  by  oxalate  of 
ammonium,  then  by  excess  of  ammonia,  and  finally  (if  necessary) 
by  phosphate  of  ammonium.  The  precipitate  having  been 
thoroughly  washed  with  water  containing  ammonia,  the  filtrate 
is  somewhat  evaporated  to  drive  off  free  ammonia,  and  the  phos- 
phoric acid  precipitated  by  acetate  of  lead  :  excess  of  lead  is  then 
removed  from  the  unfiltered  solution  by  carbonate  of  ammonium 
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and  ammonia,  and  the  iwo  precipitates  filtered  off  together.  The 
filtrate  is  evaporated  to  dryness,  ignited  to  expel  the  ammoniacal 
salts,  the  residual  alkaline  chlorides  Aveighed,  and  separated  as 
in  8.  Iodine,  if  present,  is  estimated  in  a  separate  portion  of  the 
ash  by  means  of  nitrate  of  palladium:  the  black  precipitate,  after 
standing  for  twelve  hours,  is  collected  on  a  weighed  filter,  dried 
over  sulphuric  acid,  and  Aveighed.  (Pd  I  :  I  :  :  180  :  127.) 
Fluorine  is  very  rarely  present :  its  quantity  cannot  be  estimated. 

If,  as  sometimes  occurs  in  the  case  of  graminaceous  phmts, 
the  ash  contains  a  silicate  which  is  not  decomposed  by  hydro- 
chloric acid,  it  is  best  decomposed  by  hydrofluoric  acid  (26.  b), 
and  the  silicon  estimated  by  loss. 

31.  Blineral  Water.    (Mineral-springs,  sea-water,  spring - 
water.) 

The  following  are  the  metals  and  acids  which  occur  in  mineral 
waters :  — 

Metals  Potassium,  sodium,  ammonium,  magnesium,  calcium, 

iron,  manganese,  aluminium  (rarely  lithium,  barium,  strontium); 
also  traces  of  copper,  lead,  tin,  antimony,  arsenic  (and  in  somr 
springs  in  mines,  zinc). 

Acids  and  Non-metallic  Elements.  —  Carbonic  (free  and  com- 
bined), hydrosulphuric  (free  and  combined),  silicic,  sulphuric, 
phosphoric,  boric  (nitric),  chlorine,  bromine,  iodine  (fluorine) ; 
humic  acids  (crenic,  and  apocrenic),  and  occasionally  volatile 
organic  acids. 

Those  mineral  waters  which  are  poor  in  alkaline  carbonate.-, 
and  which  contain  the  alkaline-earthy  metals  chiefly  as  chlorides 
and  sulphates,  scantily  as  acid  carbonates,  are  called  saline  waters. 
Those  Avhich  are  rich  in  alkaline  carbonates,  and  contain  the 
alkaline-earthy  metals  as  acid  carbonates,  are  called  alkaline 
waters.  The  latter  are  by  far  the  richer  in  free  carbonic  acid, 
by  which  the  normal  alkaline-earthy  carbonates  are  converted 
into  acid  carbonates,  and  so  held  in  solution.  Both  these  waters 
give  a  precipitate  on  boiling ;  the  supernatant  liquid  of  the  saline 
w^aters  is  neutral,  and  generally  contains  soluble  salts  of  calcium 
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long  boiling,  and  contains  no  soluble  calcium-  or  magnesium-salts. 
Those  waters  which  are  rich  in  carbonate  of  iron  are  called 
chahiheate:  those  which  contain  soluble  sulphides  are  called 
sidpliur-waters. 

In  nearly  every  case  a  separate  portion  of  the  water  should  be 
taken  for  the  determination  of  each  constituent:  for  those  which 
are  present  in  very  small  proportion,  a  large  quantity  of  water 
must  be  taken,  and  concentrated  by  evaporation  to  a  small  bulk. 
The  first  operation  is  to  ascertain  the  specific  fjrovitij.  This  is 
done  by  means  of  a  flask  with  a  tightly-fitting  perforated  stoiiper, 
which  is  capable  when  filled  with  water  of  being  closed  so  as  to 
exclude  any  air-bubbles.  The  flask  is  Aveighed  when  empty,  and 
again  filled  with  distilled  water  at  a  known  temperature  :  it  is  then 
emptied,  dried  (or  rinsed  out  with  the  mineral  water),  filled  with 
the  mineral  water  at  the  same  temperature,  and  again  weighed ; 
the  weight  of  the  mineral  water  divided  by  that  of  the  distilled 
water  gives  the  specific  gravity  of  the  former,  that  of  the  latter 
being  taken  as  unity.  The  specific  gravity  being  known,  the 
])ortions  of  water  for  each  determination  can  be  measured  ofl', 
since  the  Aveight  of  any  given  volume  of  water  is  readily  cal- 
culated. (1  cubic  centimetre  of  distilled  water  at  4°  weighs 
1  gramme.) 

a.  Carbonic  acid  is  determined  at  the  spring.  A  known  volume 
of  freshly  drawn  water  is  mixed  in  a  stoppered  flask  with  am- 
monia and  chloride  of  barium:  when  the  precipitate  has  quite 
subsided,  the  clear  solution  is  passed  through  a  filter,  the  precipi- 
tate washed  two  or  three  times  with  hot  water  by  decantation, 
filtered  without  access  of  air,  washed,  dried  at  100°,  and  weighed. 
Tf  any  of  the  precipitate  cannot  be  washed  out  of  the  flask,  it 
may  be  dissolved  in  dilute  hydrochloric  acid,  reprecipitated  by 
ammonia  and  carbonate  of  ammonium,  and  after  washing,  col- 
lected on  the  same  filter.  The  precipitate  thus  obtained  docs  not 
consist  only  of  carbonate  :  it  contains  all  the  sulphuric  acid  in  the 
water,  as  well  as  those  substances  which  would  be  precipitated  by 
boiling  the  water.  The  amount  of  carbonic  acid  in  it  must 
therefore  be  estimated  by  loss,  as  in  4.  b.    The  amount  thus  ob- 
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taiiied  represents  all  the  carbonic  acid  in  the  water,  both  free  and 
combined.  If  another  portion  of  the  water  be  precipitated  by 
boiling,  and  the  amount  of  carbonic  acid  in  the  precipitate  de- 
ducted from  the  total  amount,  the  remainder  will  represent  the 
amount  of  carbonic  acid  expelled  by  boiling  :  this  however  is  not 
all  free  carbonic  acid,  since  the  acid  carbonates  are  converted  by 
boiling  into  normal  carbonates.  If  the  gas  evolved  by  boiling 
the  water  be  collected  in  a  graduated  tube  over  mercury,  and  the 
carbonic  anhydride  and  hydrosulphuric  acid  absorbed  by  potash, 
the  residual  gas  will  indicate  the  amount  of  other  gases  (oxygen, 
nitrogen,  and  hydrocarbons)  dissolved  in  the  water. 

b.  Hi/drosnlphuric  acid  is  determined  at  the  spring.  To  a 
moderately  large  known  volume  of  the  water  is  added  a  little 
starch-solution,  and  then  (fi-om  a  burette)  a  standard  solution  of 
iodine  in  iodide  of  potassium  {see  No.  40),  until  the  first  appear- 
ance of  a  distinct  blue  colour.  If  the  water  is  alkaline,  it  must 
be  neutralised  with  acetic  acid  (or  mixed  with  chloride  of  ba- 
rium): if  it  is  hot,  it  must  be  allowed  to  cool  in  a  closed  vessel. 
The  decomposition  of  hydrosulphuric  acid  by  iodine  being  ex- 
pressed by  the  equation  P  +  H-S=^2HI  + S,  the  amount  of  hydro- 
sulphuric acid  present  (free  and  combined)  is  readily  calculated 
from  that  of  iodine  employed.  (I- :  tPS :  :  127  :  17.) 

c.  The  total  weight  of  the  fixed  constituents  is  ascertained  by 
evaporating  a  known  volume  of  Avater  to  dryness,  heating  the 
residue  to  about  150°  or  200°,  and  weighing  when  cold.  If  much 
chloride  of  magnesium  be  present,  an  error  will  arise,  as  this  salt 
is  decomposed  by  heat :  this  may  be  prevented  by  dissolving  in 
the  water  before  evaporation  a  known  weight  of  pure  ignited  car- 
bonate of  sodium. 

d.  Chlorine  {bromine  and  iodine). — The  water  is  acidulated 
with  nitric  acid  and  precipitated  by  nitrate  of  silver  (3.  a).  Bro- 
mine and  iodine  are  never  present  but  in  very  small  quantities,  so 
that  a  very  large  volume  of  water  must  be  taken  for  their  deter- 
mination. Iodine  is  precipitated  by  nitrate  of  palladium  (30): 
bromine  and  chlorine  together  by  nitrate  of  silver,  and  the  weighed 
precipitate  heated  in  a  current  of  chlorine,  and  again  weighed 
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c.  Sulphuric  acid. — The  water  is  acidulated  with  hydrochloric 
acid,  and  precipitated  by  chloride  of  barium  (1.  c). 

f.  Carbonates  of  iron,  manganese,  calcium,  and  magnesium: 
perhaps  alumina. — These  are  precipitated  when  the  water  is 
boiled  for  an  hour  in  a  flask.  The  precipitate  is  filtered  off,  dis- 
solved in  hydrochloric  acid,  and  the  different  metals  estimated  as 
in  28.  A  large  quantity  of  water  should  be  employed  for  this 
determination. 

g.  Silicon. — A  large  quantity  of  water  is  acidulated  with  hy- 
drochloric acid,  evaporated  to  dryness,  and  the  residue  treated  with 
dilute  hydrochloric  acid,  when  the  silica  alone  remains  insoluble, 
and  is  dried,  ignited,  and  weighed.  Should  the  residue  contain 
sulphate  of  calcium,  a  considerable  quantity  of  water  will  be 
required  to  dissolve  it. 

h.  Boric  acid. — The  water  is  mixed  with  cai'bonate  of  sodium, 
concentrated  by  evaporation,  and  acidulated  with  hydrochloric 
acid  :  turmeric  paper  dipped  into  it  becomes  brown  when  dried, 
if  boric  acid  be  present. 

i.  Potassium  and  sodium. — The  water  is  boiled  in  a  flask  to 
about  half  its  volume,  and,  without  filtering,  mixed  with  excess  cf 
baryta-water,  and  filtered.  Excess  of  barium  is  removed  from 
the  filtrate  by  carbonate  of  ammonium  and  ammonia:  the  filtrate 
is  evaporated  to  dryness  (with  addition  of  chloride  of  ammonium 
if  the  alkaline  metals  are  not  present  as  chlorides),  the  residue 
gently  ignited  and  treated  as  in  8. 

k.  Carbonate  of  sodium  (in  alkaline  waters). — The  water  is 
boiled  for  an  hour,  filtered,  and  the  filtrate  divided  into  two  equal 
])arts.  In  one,  acidulated  with  nitric  acid,  the  chlorine  is  precipi- 
tated by  nitrate  of  silver.  The  other  is  acidulated  with  hydro- 
chloric acid,  evaporated  to  dryness,  the  residue  gently  ignited 
and  redissolved  in  water,  and  the  solution  precipitated  by  nitrate 
of  silver.  The  difference  between  the  weights  of  this  portion  of 
chloride  of  silver  and  the  former,  corresponds  to  the  amount  of 
carbonate  of  sodium  in  the  water.   (2AgCl :  CO^Na^ : :  287 :  106.) 

1.  Calcium  and  magnesium,  (as  soluble  salts  in  saline  waters). 
— Calcium  is  precipitated  from  the  boiled  and  filtered  water  by 
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oxalate  of  ammonium  (4) :  magnesium  from  tlie  filtrate  by  phos- 
phate of  sodium  (5). 

m.  If  lithium  be  present,  it  remains  with  the  other  alkaline 
chlorides  when  the  water  is  treated  as  in  (i).  Tlie  three  chlorides 
are  dissolved  in  water,  the  potassium  precipitated  as  chloroplati- 
natc,  the  filtrate  (freed  from  platinum)  evaporated  to  dryness,  and 
the  residue  treated  with  alcohol  and  ether,  which  dissolves  the 
chloride  of  lithium  onlv.  For  the  estimation  of  ammonium,  a 
large  quantity  of  water  is  acidulated  with  hydrochloric  acid,  eva- 
l)orated  to  dryness  but  not  ignited,  the  residue  boiled  with  potash, 
and  the  ammonia  evolved  collected  in  dilute  hydrochloric  acid 
(p.  191).  Nitric  acid  is  of  rare  occurrence:  it  is  detected  in  the 
concentrated  water  by  ferrous  sulphate  ;  but  its  estimation  is  very 
(litficult.  Perhaps  it  maybe  effected  by  distilling  the  concentrated 
v\-ater,  after  removing  the  chlorine  by  sulphate  of  silver,  with  sul- 
phuric acid,  and  saturating  the  distillate  with  baryta-water  (p.  9). 

n.  Strontium.,  barium,  aluminium,  manganese,  phosphoric  acid, 
and  fluorine,  are  to  be  sougiit  for  in  the  deposit  which  forms  in 
many  mineral  waters  by  boiling  or  exposure  to  the  air.  Copper, 
lead,  tin,  antimony,  and  arsenic  are  to  be  sought  in  the  same  de- 
posit, which  is  dissolved  in  hydrochloric  acid,  and  treated  with 
hydrosulphuric  acid:  Marsh's  apparatus  may  be  employed  to 
detect  the  two  latter  metals. 

0.  Organic  matter.  —  When  organic  matter  is  present,  the 
residue  obtained  by  evaporating  the  water  to  dryness  blackens 
when  strongly  heated.  The  total  amount  cannot  be  accurately 
estimated  by  heating  till  the  carbon  is  entirely  burnt :  for  some 
of  the  inorganic  constituents  would  be  decomposed  by  the  heat. 
The  deposit  formed  in  the  water  by  boiling  sometimes  contains 
])eculiar  organic  acids,  croiic  and  opocrenic  acids.  They  arc 
separated  by  boiling  the  deposit  with  potash  for  many  hours, 
saturating  the  solution  with  acetic  acid,  and  adding  acetate  of 
copper,  which  precipitates  the  apocrenic  acid  :  the  crenic  acid  is 
])recipitated  by  heating  the  filtrate  with  carbonate  of  sodium. 
Volatile  organic  acids  {  formic,  acetic,  propionic,  &c.)  are  separated 
by  distilling  the  concentrated  Avater  (after  removal  of  chlorine 
&c.)  with  strong  sulphuric  acid. 
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32.  £Ktimation  of  Tarboiiie  .leid.  (Applied  to  the  valu- 
ation of  commercial  potash  and  soda,  of  acids,  and  of 
binoxide  of  manganese.) 

All  carbonates  are  decomposed  by  strong  acids  ;  the  carbonic 
acid  which  is  liberated  splits  up  into  water  and  carbonic  anhy- 
dride (CO-),  which  latter  escai)es  in  tlie  gaseous  form.  If  the 
weight  of  the  carbonic  anhydride  evolved  is  known,  the  weight 
of  carbonic  acid  to  which  it  corresponds  is  readily  calculated.  It 
is  on  this  principle  that  the  amount  of  carbonate  present  in  any 
solid  compound  is  usually  estimated.  The  apparatus  employed 
consists  of  a  small  light  flask  fitted  with  a  cork  perforated  with 
two  holes  :  into  one  of  these  is  fitted  a  tube  filled  with  fragments 
of  chloride  of  calcium  ;  into  the  other  a  narrow  tube  reaching 
ahnost  to  the  surface  of  the  liquid  in  the  flask,  and  bent  above 
the  cork  at  a  right  angle.  A  weighed  portion  of  the  dry  substance 
is  introiiuced  into  the  flask,  which  is  then  filled  about  one-third 
with  water :  a  small  tube  of  such  a  length  as  to  lean  against  the 
side  of  the  flask,  containing  enough  sulphuric*  acid  to  decompose 
all  the  carbonate,  is  placed  in  the  flask  :  the  cork  with  its  tubes 
attached  is  then  fitted  air-tight  into  the  flask,  and  the  whole 
ai)paratus  weighed.  The  orifice  of  the  bent  tube  is  then  closed 
with  a  plug  of  cork  or  wax,  and  the  apparatus  inclined  so  that  a 
small  portion  of  tlie  acid  flows  from  the  tube  into  the  solution  in 
the  flask  :  when  the  effervescence  has  subsided,  a  fresh  portion  of 
acid  is  alloAved  to  escape ;  and  so  on  till  the  carbonate  is  entirely 
decomposed.  The  carbonic  anhydride  evolved  escapes  through 
the  chloride  of  calcium  tube,  which  retains  any  moisture  that  may 
be  carried  with  it.  When  the  effervescence  has  entirely  ceased, 
the  plug  is  removed  from  the  bent  tube,  and  suction  applied  to 
the  chloride  of  calcium  tube  until  all  the  carbonic  anhydride  in 
the  flask  is  replaced  by  air  :  the  whole  is  again  weighed,  when 
the  loss  of  weight  indicates  the  amount  of  carbonic  anhydride 

*  Nitric  acid  must  be  used  to  decompose  the  carbonates  of  barium,  calcium, 
or  lead. 
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that  has  escaped.  The  carbonic  anliydride  dissolved  in  the 
liquid  in  the  flask  must  be  expelled  by  heat  before  Aveighing  the 
flask. 

a.  Alkalimetry. — It  is  obvious  that  this  process  may  be  applied 
»0  the  valuation  of  commercial  carbonates  of  potassium  and  sodium 
(commonly  called  potash  and  soda),  the  value  of  which  depends 
entirely  on  the  amount  of  real  carbonate  they  contain.  The 
impurities  in  potash  are  generally  chlo?-ide,  sulphate,  silicate,  and 
phosphate  of  potassium,  carbonate,  silicate,  and  phosphate  of 
calcium  :  those  in  soda  are  chloride,  sulphide,  sulphate,  hypo- 
sulphite, silicate,  and  hydrate  of  sodium.  The  amount  of  water 
in  the  sample  is  ascertained  by  heating  it  to  about  200°,  and 
weighing :  the  dry  sample  is  then  decomposed  in  the  above 
apparatus.  The  proportion  for  the  potash  sample  is  CO'^  :  CO^K^ 
:  :  22  :  69  ;  for  the  soda,  CO^  :  CO'^NaS : :  22  :  53.  If  the  soda 
sample  contain  any  caustic  soda,  which  is  known  (in  the  absence 
of  sulphide)  by  its  solution  having  an  alkaline  reaction  after  the 
addition  of  excess  of  chloride  of  barium,  another  equal  portion 
must  be  mixed  with  about  3  parts  of  pure  quartz-sand  and  about 

part  carbonate  of  ammonium,  moistened  with  water,  and  heated 
till  the  water  and  ammonia  are  expelled  :  the  dry  residue  is  then 
decomposed  as  above.  The  excess  of  sodic  carbonate  obtained  in 
the  second  determination,  is  due  to  the  caustic  soda  in  the  sample  : 
from  it  the  amount  of  the  latter  is  easily  calculated.  (CO^Na^  : 
2NaH0  : :  106  :  80.)  If  it  contains  any  sulphide  or  hyposulphite, 
these  salts  must  be  oxidised  by  the  addition  of  some  Chromate  of 
potassium  to  the  solution  in  the  flask,  before  commencing  the 
decomposition. 

b.  Acidimetry.  —  Another  purpose  to  which  this  process  may 
be  applied  is  that  of  determining  the  amount  of  real  acid  con- 
tained in  commercial  acids.  This  is  done  by  decomposing  an 
excess  of  pure  acid  carbonate  of  sodium  by  a  known  weight  of  the 
acid  to  be  valued :  as  the  decomposition  takes  place  atom  for 
atom,  the  amount  of  real  acid  present  is  readily  calculated  from 
the  weight  of  carbonic  anhydride  evolved.  The  following  will 
serve  as  examples  of  the  mode  of  calculation  : 
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Sulphuric  acia       -  (iCO'Sall  +    SOm-   =   SO'Nu-   +  2C0-  +  211-0) 

2C0'  :    SO'PI-    :  :  U  :  41). 

Hydrochloric  acid  -  (CO='NaH   +     CIH     =    ClNa     +  CO-  +  II-O) 

CO-    :      cm        :  44  :  36-5. 

Acetic  acid   -      -•(CO^Xall  +  C-H'O-H  =  C'-H'O-Na  +  CO'  +  IPO) 

CO-    :  C-IPO-II  :  :  44  :  GO. 

c.  Valuation  of  Manganese-ores.  —  Binoxide  of  manganese  is 
decomposed  by  oxalic  acid  in  presence  of  sulphuric  acid,  giving 
up  half  its  oxygen  to  the  oxalic  acid,  Avhich  is  tliereby  converted 
into  carbonic  anhydride  and  water  (Mn^O- +  C-0«IP:=Mn20 -h 
2CO-  +  H20):  2  molecules  of  carbonic  anhydride  being  formed 
for  each  molecule  of  binoxide.  Hence  the  amount  of  binoxide  of 
manganese  contained  in  commercial  manganese-ore  is  readily 
estimated  by  the  aid  of  the  carbonic-acid  apparatus.  The  moisture 
in  the  ore  is  first  determined  by  heating  it  to  100° — 120°.  A 
weighed  portion  of  the  dry  ore  is  then  introduced  into  the  flask, 
with  about  twice  its  weight  of  normal  oxalate  of  potassium  ;  water 
is  then  added,  and  the  decomposition  effected  as  above  by  an 
excess  of  concentrated  sulphuric  acid.  From  the  weight  of  car- 
bonic anhydride  evolved,  the  amount  of  binoxide  of  manganese  is 
readily  calculated.  (2C0- :  Mn^O^ : :  44  :  42.)  Good  manganese- 
ore  is  crystalline  in  texture,  and  yields  a  black  powder :  after 
having  been  dried,  it  should  scarcely  lose  weight  when  lieated 
to  dull  redness. 

33.  Earthy  Phosphates.    (Sesquiphosphates  of  iron  and 

aluminium,  phosphates  of  magnesium  and  calcium.)  

F  o  w  n  e  s . 

These  phosphates  are  frequently  met  with  together  in  the 
analysis  of  ashes  of  plants.  They  are  all  soluble  in  hydrochloric 
acid,  and  are  reprecipitated  unchanged  by  ammonia :  when  freshly 
precipitated,  the  phosphates  of  calcium  and  magnesium  are  soluble 
in  warm  acetic  acid  ;  those  of  iron  and  aluminium  are  not.  Phos- 
phate of  aluminium  closely  resembles  hydrate  of  aluminium  both 
in  appearance  and  properties,  being  soluble  in  potash,  whence  it  is 
precipitated  by  chloride  of  ammonium.  Basic  phosphate  of  ii-on 
also  closely  resembles  sesquiliydrate  of  iron  in  colour  and  general 
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fippearanco.  When  sufficient  tartaric  acid  is  added  to  tlie  hydro- 
chloric acid  solution  of  these  two  phosphates,  they  are  not  preci- 
pitated by  excess  of  ammonia  :  on  adding  sulphate  of  magnesium 
to  the  alkaline  solution,  crystalline  phosphate  of  magnesium  and 
ammonium  is  precipitated,  insoluble  in  chloride  of  ammonium. 

Qualitative  analysis.  —  First  ascertain  whether  any  soluble 
matter  be  present,  by  boiling  the  powdered  substance  in  water, 
and  examining  the  solution.  Dissolve  in  hydrochloric  acid,  add 
ammonia  in  slight  excess,  and  filter:  after  thoroughly  washing 
the  precipitated  phosphates,  digest  them  in  warm  acetic  acid,  and 
filter  ofl*  the  insoluble  residue.  Examine  the  residue  for  alumi- 
nium by  potash  and  chloride  of  ammonium,  and  for  iron  by 
sulphide  of  ammonium.  From  the  acetic  acid  solution,  precipitate 
the  calcium  by  oxalate  of  ammonium  :  on  saturating  the  filtrate 
with  ammonia,  the  magnesium  is  precipitated  as  phosphate.  The 
solution  still  contains  phosphoric  acid,  which  is  precipitated  by 
adding  sulphate  of  magnesium  and  chloride  of  ammonium.  If 
the  mixed  phosphates  contained  any  carbonate,  a  soluble  calcium- 
or  magnesium-salt  will  be  found  in  the  solution  from  which  the 
phosphates  Avere  precipitated  by  ammonia. 

Quantitative  anali/sis. —  The  freshly  precipitated  phosphates 
are  digested  in  warm  acetic  acid,  and  filtered :  too  much  heat 
must  be  avoided ;  the  filtration  is  usually  slow  and  difficult.  From 
the  solution,  Avhich  contains  all  the  calcium  and  magnesium,  the 
calcium  is  precipitated  as  oxalate,  filtered  off,  dried,  ignited,  and 
weighed  (4.  a).  The  filtrate  is  then  saturated  with  ammonia, 
when  the  magnesium  is  precipitated  as  double  phosphate,  which 
is  ignited  and  weighed  (5.  a).  In  order  to  determine  the  phos- 
phoric acid  in  the  filtrate  from  the  magnesium-salt,  it  is  mixed 
with  a  solution  in  aqua-regia  of  a  known  weight  of  pure  iron,  and 
a  slight  excess  of  ammonia  added  :  the  precipitated  ferric  hydrate 
carries  down  with  it  all  the  phosphoric  acid,  the  amount  of  which 
is  calculated  from  the  increase  in  weight  of  the  dried  and  ignited 
precipitate  over  that  of  the  amount  of  ferric  oxide  which  corre- 
sponds to  the  weight  of  iron  employed  {see  6).  7  parts  iron  corre- 
spond to  10  parts  ferric  oxide.  This  method  is  not  accurate  if  the 
weight  of  ferric  oxide  be  less  than  4  times  that  of  phosphoric  acid. 
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The  residue  insoluble  in  acetic  acid,  which  contains  the  phos- 
phates of  iron  and  aluminium,  is  dissolved  in  hydrochloric  acid, 
and  boiled  with  sulphurous  acid  and  excess  of  caustic  soda  till  all 
the  iron  is  precipitated  as  black  ferroso-ferric  oxide,  which  is 
filtered  off,  dissolved  in  aqua-regia,  and  precipitated  by  ammonia 
(2.  a).  The  alkaline  filtrate  is  diluted,  mixed  with  chloride  of 
barium  and  carbonate  of  sodium,  and  boiled,  when  all  the  phos- 
phoric acid  is  precipitated  as  phosphate  of  barium  :  this  is  filtered 
off,  dissolved  in  hydrochloric  acid,  the  barium  precipitated  by 
sulphuric  acid,  and  the  phosphoric  acid  determined  in  the  filtrate 
as  phosphate  of  magnesium  and  ammonium  (6.  a).  The  filtrate 
from  the  phosphate  of  barium  is  acidulated  with  hydrochloric  acid, 
and  the  aluminium  precipitated  by  sulphide  of  ammonium  (23). 

34.  Plntiiiuni-ures  and  Platinum-residues. 

Platinum-ore  contains  74 — 86  p.  c.  platinum,  besides  iridium, 
palladium,  rhodium,  osmium,  ruthenium,  iron,  and  copper:  it  is 
mixed  with  grains  of  osmide  of  iridium,  magnetic,  titanic,  and 
chrome-iron,  gold,  &c.  The  accurate  quantitative  analysis  of  this 
ore  is  very  ditficult:  it  is  probable  that  the  methods  here  given 
are  only  approximative. 

a.  The  ore  is  purified  as  far  as  possible  by  picking  out  the  dark 
steel-coloured  grains  of  osmide  of  iridium,  and  removing  the 
magnetic  grains  with  a  magnet.  About  10  grm.  are  then 
digested  in  a  retort,  with  aqua-regia  containing  o  parts  fuming 
hydrochloric  acid,  and  1  part  fuming  nitric  acid :  a  cooled  receiver 
is  attached,  and  distillation  continued,  the  distillate  being  poured 
back  once  or  twice,  as  long  as  anything  is  dissolved.  The  distil- 
late contains  most  of  the  os7niu7n  as  osmic  acid.  The  solution  in 
the  retort  is  poured  off'  from  the  residue,  which  is  washed,  dried, 
w^eighed,  and  analysed  as  in  b. 

The  solution  contains  all  xXxa  palladium,  most  of  the  platinum, 
some  osmium,  rhodium,  iridium  (copper  and  iron).  It  is  mixed 
Avith  twice  its  bulk  of  alcohol,  and  then  with  a  warm  saturated 
solution  of  chloride  of  potassium,  till  no  farther  precipitate  is 
formed:  the  precipitate  is  filtered  off,  and  Avashcd  with  alcohol 
containing  chloride  of  potassium. 
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The  precipitate  contains  chloroplatinate  and  chloriridate  of 
potassium  (together  with  osmium  and  traces  of  rhodium  and  pal- 
ladium): the  presence  of  iridium  gives  it  a  reddish  colour.  It  is 
intimately  mixed  with  an  equal  weight  of  carbonate  of  sodium, 
and  gently  ignited  (together  with  the  filter-ash)  in  a  porcelain 
crucible  until  the  whole  mass  is  black:  the  platinum  is  thus 
reduced,  the  iridium  and  osmium  oxidised.  The  black  mass  is 
exhausted  with  water  and  hydrochloric  acid,  which  remove  the 
osmate  of  potassium  and  excess  of  carbonate:  the  former  may  be- 
added  to  the  distillate  containing  osmic  acid.  The  residue  is 
dried,  ignited,  and  weighed:  it  is  then  fused  for  some  time  with 
6  parts  acid  sulphate  of  potassium,  by  which  all  the  rhodium  is 
converted  into  a  soluble  salt,  which  is  extracted  with  water;  the 
residue  is  again  weighed,  and  the  rhodium  determined  by  loss. 
The  mixture  of  platinum  and  sesquioxide  of  iridium  is  then  di- 
gested, in  very  dilute  aqua-regia,  Avhicli  extracts  part  of  the 
platinum:  the  clear  solution  is  poured  olf,  saturated  with  ammonia, 
evaporated  to  dryness,  and  ignited,  when  pure  platinum  remains. 
The  rest  of  the  platinum,  together  with  the  sesquioxide  of  iridium, 
is  mixed  with  chloride  of  sodium  and  concentrated  aqua-regia, 
and  evaporated  to  dryness:  exhaustion  with  water  removes  tlie 
platinum-salt,  and  the  oxide  of  iridimn  is  left.  This  is  washed 
with  chloride  of  sodium,  and  finally  with  chloride  of  ammonium, 
ignited,  reduced  by  hydrogen,  and  weighed  as  metallic  iridium. 
The  platinum  solution  still  contains  some  iridium,  so  that  this 
process  must  be  repeated. 

The  filtrate  contains  rhodium,  palladium,  some  iridium,  iron, 
and  copper.  It  is  evaporated  to  dryness,  and  the  residue  digested 
with  strong  aqua-regia,  chloride  of  potassium  added,  and  the 
whole  again  evaporated  to  dryness.  Digestion  with  alcohol  re- 
moves the  chlorides  of  copper  and  iron,  leaving  the  double  salts  of 
palladium,  rhodium,  and  iridium.  These  are  fused  with  bichro- 
mate of  potassium,  and  the  mass  treated  with  water,  when  the 
iridium  is  left  as  sesquioxide.  From  the  solution  neutralised  by 
carbonate  of  sodium,  palladium  is  precipitated  by  cyanide  o 
mercury;  the  precipitate  on  ignition  leaves  the  metal.    The  fil- 
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träte  is  boiled  with  hydrochloric  acid  till  it  becomes  red,  and 
the  rhodium  precipitated  as  hydrate  by  potash. 

The  distillate,  containing  all  the  osmium  as  osmic  acid  is  neu- 
tralised with  lime,  and  heated  with  an  alkaline  formate,  which 
reduces  the  osmium  as  a  bluish-black  powder.  Or  it  is  mixed 
with  ammonia  and  chloride  of  ammonium,  evaporated  to  dryness  in 
a  retort,  and  ignited  till  only  metallic  osmium  remains.  Or  it  is 
saturated  with  potash,  and  heated  with  alcohol,  when  osmite  of 
potassium  separates,  whence  metallic  osmium  may  be  obtained 
(p.  139).  (Wühler.) 

b.  The  portion  of  platinum-ore  which  is  insoluble  in  aqua-regia 
is  generally  called  platinum-residues.  It  contains  osmide  of  iridium, 
iridium  (in  powder),  ruthenium,  traces  rhodium,  platinum,  and 
(sometimes)  gold,  magnetic,  titanic,  and  chrome-iron-  ores,  sili- 
cates, &c.  It  is  fused  in  a  silver  or  wrought-iron  crucible  for  an 
hour  at  a  red  heat,  with  2  parts  nitre  and  1  part  caustic  potash, 
and  the  mass  when  cool  digested  with  cold  water  in  a  stoppered 
bottle.  After  12  hours  the  clear  orange-coloured  solution  is 
poured  off  from  the  black  residue. 

The  solution  which  contains  osmate  and  ruthenate  of  potassium 
is  mixed  with  nitric  acid,  and  the  precipitated  ruthenic  oxide 
freed  from  osmium  by  distillation  with  aqua-regia.  The  solution 
is  freed  from  osmium  in  the  same  manner,  and  is  then  evaporated 
with  hydrochloric  acid,  when  nitre  crystallises  out  first,  and  then 
rose-red  chlororuthenate  of  potassium,  whence  metallic  ruthenium 
is  obtained. 

The  residue,  which  may  contain  all  the  platinum-metals  as 
oxides,  is  freed  from  osmium  by  distillation  with  aqua-regia,  when 
some  impure  oxide  of  rhodium  often  remains  undissolved.  The 
solution  is  evaporated,  and  precipitated  by  chloride  of  ammonium: 
the  double  salts  of  the  platinum-metals  are  filtered  off,  and  washed 
with  chloride  of  ammonium  till  the  wash-water  passes  through 
colourless.  The  solution  contains  the  iron,  copper,  und chromiv7)i. 
By  prolonged  digestion  of  the  double  salts  in  cold  water  the  chlo- 
roruthenate is  dissolved  out  first;  from  the  solution  the  oxide  is 
precipitated  by  heating  with  ammonia,  and  this  is  reduced  by 
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liydrogen  to  metallic  ruthenium.  The  cliloroplatinate  and  ciilori- 
ridate  are  digested  with  water  containing  hydrosulphuric  or 
sulphurous  acid,  Avhicli  reduces  the  iridium  to  sesquichloride: 
the  solution  is  evaporated,  and,  without  filtering,  mixed  with  chlo- 
ride of  ammonium.  The  precipitated  cliloroplatinate  on  ignition 
leaves  mei?i\\\c  platinum :  the  solution  is  evaporated  to  dryness, 
and  the  residue,  ignited  in  a  stream  of  hydrogen,  leaves  metallic 
iridium.. 

Gold,  if  present,  may  be  precipitated  by  oxalic  acid, 
Freray  (Compt.  rend,  xxxviii.  1008)  gives  the  following  simpler 
method  of  treating  platinum-residues,  which  seems  to  be  particu- 
larly adapted  for  obtaining  the  metals  in  a  state  of  purity.  About 
200  grm,  of  the  residues  are  heated  to  brij^ht  redness  in  a  Ions 
porcelain  tube,  purified  air  being  drawn  over  the  heated  ore  bv 
means  of  an  aspirator.     Osmium  and  ruthenium  combine  witli 
oxygen  :  ruthenic  oxide  crystallises  in  the  cold  part  of  the  tube 
in  violet  crystals;  while  the  more  volatile  osmic  acid  passes  first  into 
a  series  of  empty  tubes,  in  which  a  part  is  deposited  in  crystals, 
and  finally  into  a  solution  of  potash.    An  alloy  of  iridium  and 
rhodium  remains  in  the  roasting  tube.    This  is  calcined  in  an 
earthen  crucible,  with  4  parts  nitre,  care  being  taken  not  to 
carry  the  operation  too  far,  exhausted  Avith  water,  and  filtered : 
the  alkaline  filtrate  on  evaporation  deposits  crystals  of  osmite  of 
potassium,  the  osmium  not  being  entii^ely  removed  by  the  roasting. 
The  precipitate  on  the  filter,  which  contains  potash,  is  treated  for 
several  hours  with  aqua-regia,  which  converts  the  iridium  into 
chloriridate  of  potassium,  nearly  insoluble  in  cold  water.    It  is 
dissolved  by  boiling  water,  the  washing  being  continued  as  long 
as  the  Avash-water  has  a  brown  colour;  and  the  chloriridate 
crystallises  on  evaporating  the  solution.    The  residue,  containing 
tlie  rhodium,  is  dried,  mixed  with  an  equal  weight  of  chloride  of 
sodium,  and  treated  for  3  or  4  hours  by  dry  chlorine  at  a  red  heat. 
Chlororhodate  of  sodium  is  thus  formed,  which  by  solution  in 
water  and  evaporation,  is  obtained  in  fine  rose-coloured  crystals. 
(Graham's  Chemistry,  ii.  418). 
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35.  Ferroryaiiidc  of  Potassium.  (CyWK^  +  SH^O.) 

a.  The  water  is  determined  by  heating  the  salt  to  200°. 

b.  The  cyanogen  can  only  be  estimated  directly  by  combustion 
Avith  oxide  of  copper. 

c.  Iron  and  Potassium  The  salt  is  dissolved  in  water,  and  the 

solution  precipitated  by  acetate  of  lead.  The  ferrocyanide  of 
lead  is  filtered  off,  washed,  and  decomposed  by  digestion  with 
sulphide  of  ammonium  ;  the  sulphide  of  lead  filtered  off  and 
Wiishcd;  the  filtrate  (of  ferrocyanide  of  ammonium)  evaporated  to 
dryness,  the  residue  ignited  in  the  air  till  pure  ferric  oxide  is  left, 
which  is  weighed  (2).  From  the  original  filtrate  the  excess  of 
lead  is  removed  by  hydrosulphuric  acid,  the  solution  evaporated 
to  dryness,  and  the  residue  converted  by  ignition  into  carbonate 
of  potassium,  which  is  converted  into  sulphate,  and  weighed  (3). 
(SO^K^ :  K2  : :  87  :  39.) 

Or  the  salt  may  be  fused  with  acid  sulphate  of  ammonium,  the 
ignited  residue  of  ferric  oxide  and  potassic  sulphate  dissolved  in 
hydrochloric  acid,  the  iron  precipitated  by  ammonia,  the  solution 
evaporated  to  dryness,  and  the  residual  potassic  sulphate  weighed. 

To  estimate  the  iron  alone,  the  salt  is  fused  with  3  parts  of  a 
mixture  of  nitre  and  carbonate  of  sodium  in  a  platinum  crucible. 
On  treating  the  fused  mass  with  water,  the  iron  is  left  as  sesqui- 
oxide :  as  this  contains  some  potash,  it  must  be  dissolved  in 
hydrochloric  acid,  and  precipitated  by  ammonia.  (Wöhler.) 

Section  II.  Volumetric  Analysis. 

The  methods  of  estimating  substances  which  have  been  hitherto 
described  depend  upon  the  separation  of  the  substance  in  a  form 
in  which  it  can  be  weighed  directly;  or  upon  its  conversion  into  a 
compound  which  is  capable  of  being  weighed,  the  weight  of  which 
bears  a  known  proportion  to  that  of  the  substance  to  be  estimated  : 
the  reagent  by  which  the  separation  is  effected  being  always  era- 
ployed  in  excess.  The  methods  of  estimation  in  the  wet  way,  which 
.  are  included  under  the  general  name  of  Volumetric  Analysis,  de- 
pend, on  the  contrary,  1,  upon  the  employment  of  only  the  exact 
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amount  of  the  reagent  which  is  necessary  to  produce  the  reaction 
desired  ;  2,  upon  the  determination  of  this  amount,  not  by  weight, 
but  by  measure,  which  is  effected  by  the  employment  of  sohitions 
■wliich  in  a  known  volume  contain  a  known  weight  of  the  reagent. 
These  solutions  are  called  Staiidard  Solutions.  The  volumetric 
method  of  analysis  is  only  applicable  in  cases  where  the  point  at 
which  the  reaction  is  complete  can  be  determined  with  certainty 
by  means  of  some  phenomenon  which  is  manifested  in  the  solution 
of  the  substance  to  be  estimated,  i.e.  by  an  appearance,  disappear- 
ance, or  change,  of  colour,  or  by  the  appearance"  or  disappearance 
of  a  precipitate. 

The  unit  of  volume  ordinarily  adopted  is  the  cubic  centi- 
metre (c.c),  which  is  the  volume  occupied  by  1  gramme  of  water 
at  4°.  The  vessels  employed  for  measuring  volumes  are,  for  large 
quantities,  graduated  cylinders,  or  flasks  whose  volume  is  known 
and  marked  on  the  outside :  for  small  quantities,  pipettes  and 
burettes,  which  are  graduated  into  cubic  centimetres  and  fractions 
of  the  cc.  By  far  the  most  convenient  form  of  burette  for  general 
purposes  is  that  devised  by  Möhr,  which  discharges  the  liquid 
from  its  lower  extremity,  the  discharge  being  regulated  by  means 
of  a  pinchcock,  and  a  caoutchouc  tube. 

When  the  reagent  is  a  stable  compound,  and  not  liable  to  de- 
composition by  keeping,  a  standard  solution  of  it  is  prepared  once 
for  all,  and  kept  in  a  stoppered  bottle  ready  for  use.  In  the  case 
of  compounds  that  are  easily  decomposed,  a  moderately  concen- 
trated solution  is  prepared,  and  its  value  (or  standard)  is  ascer- 
tained on  each  occasion  previous  to  its  employment. 

There  are  two  methods  of  estimation  by  volumetric  analysis  : 
1,  the  direct  method;  2,  the  indirect,  or  residual  method.  The 
first  is  employed  w^ien  the  point  at  which  the  reaction  between 
the  reagent  and  the  substance  to  be  estimated  is  complete,  can  be 
exactly  ascertained  by  one  of  the  phenomena  indicated  above  ; 
in  such  cases  the  necessary  amount  of  the  reagent  is  measured 
off  directly.  The  second  is  employed  when  the  point  of  complete 
reaction  cannot  be  exactly  ascertained.  It  is  then  necessary  to 
employ  a  second  reagent  between  which  and  the  first  the  point  of 
complete  reaction  is  capable  of  being  determined.    A  known 


PART  IV. 


ALlv^VLIMETRY. 


243 


volume  of  the  first  reagent,  more  than  is  needeil  for  the  complete 
reaction,  is  adtkil  to  the  solution  of  the  substance  to  be  estimated: 
and  tlie  excess  of  the  tirst  reagent  is  then  ascertained  by  means 
of  the  second. 

36.  Alkalimetry.    (Estimation  of  the  amount  of  alkali  or 
alkaline  carbonate  in  commercial  potash,  soda,  or  ammonia.) 

This  estimation  depends  upon  the  facts  that  the  alkaline  salts 
of  strong  acids  (oxalic,  sulphuric,  &c.)  are  neutral  to  litmus  ;  and 
that  the  violet  solution  of  litmus  is  coloured  blue  by  caustic 
alkalis  or  alkaline  carbonates,  wine-red  by  carbonic  acid,  and 
light-red  by  strong  acids. 

a.  Direct  mtthod. —  A  standard  acid  solution  is  the  only  one 
required.  Oxalic  acid  is  the  most  convenient  acid  for  this  pur- 
pose; for  it  can  be  weighed  with  greater  accuracy  than  any  liquid 
acid,  and  its  solution  can  be  kept  for  any  length  of  time  without 
undergoing  any  change.  It  is  best  to  make  the  standard  solution 
of  such  strength  that  1000  c.c.  (1  litre)  shall  contain  exactly  one 
\-gramme-atom  {i.e.  1  atom  expressed  in  i  grammes)  of  the  acid. 
This  is  done  by  dissolving  in  water  i|«  =63  grammes  of  pure  crys- 
tallised oxalic  acid  (C20'HH2H-0=  126),  and  diluting  the  solu- 
tion to  the  bulk  of  1  litre,  at  17*5°.  1000  c.c.  of  this  solution 
contains  1  i-gramme-atom  of  acid  :  hence  2  c.c.  contain  1  milli- 
gramme-atom of  acid,  and  saturate  2  milligramme-atoms  of  a 
•caustic  alkali  or  1  milligramme- atom  of  an  alkaline  carbonate. 

Since  pure  oxalic  acid  cannot  be  always  readily  obtained, 
sulphuric  acid  may  be  employed  for  the  standard  solution. 
About  70  grm.  concentrated  sulphuric  acid'äre  diluted  with 
about  600  grm.  water:  when  the  mixture  is  cool,  the  volume 
of  it  that  is  necessary  to  saturate  Ö-3  grm.  (1  ^,-decigrannne- 
atom)  pure  anhydrous  carbonate  of  sodium  is  determined. 
5-3  grm,  freshly  ignited  carbonate  of  sodium  are  dissolved  in 
hot  w^ater,  the  solution  coloured  blue  with  a  few  drops  of  litmus, 
and  the  acid  added  from  a  burette  (at  last  drop  by  drop) 
till  the  colour  just  passes  from  wine-red  to  light-red,  and 
till  strips  of  litmus-paper,  moistened  with  the  solution,  begin  to 
retain  the  red  colour  when  dry.    The  volume  of  acid  employed 
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is  tlien  notecl,  and  the  whole  diluted  so  as  to  approximate  to  the 
required  strength.  Suppose,  for  instance,  37  c.c.  acid  have  been 
used  :  water  is  added  till  every  100  vols,  is  diluted  to  250  vols, 
and  another  determination  made.  If  90  c.c.  are  now  required  to 
saturate  the  ^-decigramme  alkaline  solution,  every  90  vols,  of  the 
acid  must  be  diluted  to  100,  and  the  result  controlled  by  a  fresh 
determination.  100  c.c.  of  this  acid  should  exactly  saturate 
5-3  grm.  carbonate  of  sodium,  and  will  contain  1  ^-decigramme- 
atom  of  acid  :  2  c.c.  will  contain  1  milligramme-atom  ('098  grm.) 
sulphuric  acid,  and  will  exactly  saturate  2  milligramme-atoms  of 
an  alkali  or  1  milligramme-atom  of  an  alkaline  carbonate.  The 
standard  solution  is  kept  in  a  well-stoppered  bottle. 

A  weighed  portion  of  the  substance  to  be  estimated  is  dissolved 
in  water  (if  a  solid),  a  few  drops  of  litmus  added,  and  the  standard 
acid  added  from  a  burette  until  the  first  permanent  appearance  of 
a  light-red  colour :  and  the  volume  of  acid  employed  is  read  off. 
Each  c.c.  of  acid  corresponds  to  1  milligramme-atom  of  alkali  or 
1  ^-milligramme-atom  of  alkaline  cai'bonate ;  i.  e.  to  0*053  grm. 
carb.  sod.,  0*069  grm.  carb.  pot.,  0"040  grm.  caustic  soda,  0*056  grm. 
caustic  potash,  0  017  grm.  ammonia :  and  a  simple  proportion  gives 
the  amount  of  alkali  or  alkaline  carbonate  (e.  g.  100  :  6*9  :  : 
number  of  c.c.  employed  :  carbonate  of  potassium  present).  By 
o[)erating  on  100  times  the  |-milliga*amme-atom  {e.  g.  6  9  grm. 
in  the  case  of  potassic  carbonate,  5*3  grm.  in  the  case  of  sodic 
carbonate),  all  calculation  is  saved :  for  as  this  amount,  if  per- 
fectly pure,  would  require  100  c.c.  acid  for  its  saturation,  the 
number  of  c.c.  actually  required  at  once  indicates  the  percentage 
of  alkaline  carbonate.  The  burettes  commonly  used  contain 
50  c.c,  and  are  graduated  into  half  c.c.  *,  so  that  by  operating  on 
50  times  the  i-milligramme-atom,  the  number  of  divisions  em- 
ployed represents  the  percentage. 

b.  Residual  method.  —  The  standard  acid  is  added  until  the 
colour  of  the  litmus  is  a  distinct  light-rod ;  the  solution  is  then 
heated  to  boiling,  and  a  small  excess  of  acid  (5 — 10  c.c.)  added. 
The  hot  solution  is  freed  fi'om  carbonic  acid  by  agitation  and  by 
drawing  air  through  it  by  means  of  a  glass  tube ;  and  then 
neutralised  with  a  standard  alkaline  solution  (37)  until  the  colour 
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just  changes  from  red  to  blue.  Since  the  acid  and  alkaline  solu- 
tions neutralise  each  other  volume  for  volume,  it  is  only  necessary 
to  deduct  the  number  of  c.c.  employed  of  the  latter  from  that  of 
the  former,  and  to  calculate  the  amount  of  alkali  from  the  residue. 
This  method  is  preferable  for  the  estimation  of  carbonates,  since 
the  change  from  blue  to  red  is  more  distinctly  marked  than  that 
from  one  shade  of  red  to  another. 

37.  Aeidinietry.     This   estimation   depends  on  the  same 

principles  as  the  preceding. 

The  most  convenient  alkaline  solution  is  caustic  soda  (perfectly 
free  from  carbonate);  it  is  standardised  so  that  100  c.c.  exactly 
saturate  100  c.c.  of  the  standard  acid  solution.  It  is  kept  in  a 
flask  into  the  cork  of  which  is  inserted  a  chloride  of  calcium  tube 
filled  with  a  mixture  of  Glauber's  salt  and  caustic  lime,  which 
effectually  prevents  the  absorption  of  carbonic  acid.  If  the 
burette  be  closed  with  a  similar  tube,  the  soda-solution  may 
remain  in  it  for  days.  The  estimation  is  performed  precisely 
as  in  36,  the  last  drops  of  the  soda-solution  being  added  from  a 
pipette  graduated  to  c.c.  Since  the  normal  alkaline  salts  of 
strong  acids  are  perfectly  neutral,  the  exact  point  of  saturation 
is  attained  when  the  litmus  is  restored  to  its  original  colour.  The 
best  method  of  observing  this  with  precision  is  to  colour  a  certain 
quantity  of  pure  water  Avith  litmus,  and  to  divide  it  into  two  equal 
portions :  the  acid  is  added  to  one,  while  the  other  is  kept  at  hand 
as  a  standard  of  comparison.  Calculation  may  be  avoided,  as 
above,  by  operating  on  a  weight  of  acid  equal  to  50  (or  100) 
times  its  ^-milligramme-atom.  When  several  {e.g.  5)  estimations 
of  the  same  acid  have  to  be  made,  the  readiest  method  is  to 
weigh  out  500  times  the  i  milligramme-atom  of  the  acid  (e.  g. 
5  X  4-9  grm.  sulphuric  acid),  to  dilute  it  to  250  c.c,  and  to  take 
50  c.c.  of  the  mixture  for  each  determination  :  the  number  of  c.c. 
soda-solution  employed  represents  the  percentage  of  acid. 

38.  Clilorimetry.    (Valuation  of  chloride  of  lime.) 

Chloride  of  lime  (bleaching  powder)  contains  hypochlorite, 
chloride,  and  hydrate  of  calcium  in  varying  proportions.  It* 
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value  depends  upan  the  amount  of  hypochlorite  Avliich  it  contains, 
or  upon  the  quantity  of  chlorine  which  it  evolves  when  treated 
with  acids.  It  is  the  estimation  of  this  chlorine  which  constitutes 
chlorimetry. 

a.  The  amount  of  the  substance  which  is  necessary  to  oxidise 
a  known  weight  of  arsenious  anhydride  in  an  acid  solution,  is 
estimated  directly.  Free  chlorine,  in  presence  of  water,  converts 
arsenious  into  arsenic  anhydride,  hydrocldoric  acid  being  formed 
at  the  same  time  (As20'^  +  Cl^  +  2W0  =  As^O^  +  4C1H).  If 
indigo  be  present  in  the  arsenious  solution,  it  is  not  acted  upon 
by  the  chlorine  until  the  oxidation  of  the  arsenic  acid  is  com- 
pleted ;  the  disappearance,  therefore,  of  the  blue  colour  marks 
the  end  of  the  operation. 

Standard  solution. — 14  grm.  pure  arsenious  anhydride,  dried  at 
100°,  are  dissolved  in  caustic  potash,  and  the  solution  diluted  to 
1  litre.  1  c.c.  of  this  solution  contains  0"014  grm.  arsenious  an- 
hydride, and  requires  for  its  conversion  into  arsenic  anhydride 
0-010  grm.  chlorine.    (As20^=198  :  01^  =  142  :  :  14:  10.) 

o  grm.  chloride  of  lime  are  triturated  with  water,  the  whole 
washed  into  a  graduated  cylinder,  and  diluted  to  100  c.c.  50  c.c. 
arsenious  solution  are  placed  in  a  beaker,  diluted  with  water, 
saturated  with  hydrochloric  acid,  and  coloured  blue  with  a  drop 
of  indigo-solution  :  the  solution  of  chloride  of  lime  (which  should 
be  well  shaken  up)  is  then  added  from  a  burette,  until  the  blue 
colour  is  nearly  destroyed.  A  fresh  drop  of  indigo  is  then  added ; 
and  then  the  chloride-solution  again,  very  cautiously  and  drop  by 
drop,  the  contents  of  the  beaker  being  continually  agitated,  until 
the  colour  finally  disappears.  The  amount  of  chlorine  contained 
in  the  volume  of  chloride-solution  (or  weight  of  chloride  of  lime) 
employed,  is  0  5  grm.,  that  being  the  quantity  necessary  to  oxidise 
50  c.c.  of  the  standard  solution.  For  instance,  suppose  45  c.c. 
chloride-solution  have  been  employed :  5  grm.  bleaching  powder 
will  contain  I'l  grm.  chlorine;  and  the  percentage  of  available 
chlorine  in  the  sample  is  22*2  p.c.  1000  c.c.  chlorine,  at  0°  and 
760  mm.  pressure,  weigh  3*1884  grm. 

b.  The  substance  is  made  to  react  on  a  known  volume  of  a 
standard  alkaline  solution  of  arsenious  anhydride,  which  is  em- 
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ployed  in  excess :  and  tlie  excess  is  estimated  by  a  standard  solu- 
tion of  iodine  (40.  c).  According  to  Möhr,  this  is  the  only 
accurate  method. 

c.  The  substance  is  made  to  react  on  a  known  weight  of  a 
ferrous  salt,  Avhich  is  added  in  excess  :  and  the  excess  is  estimated 
by  a  standard  solution  of  permanganate  of  potassium  (45). 

39-  Valuation  of  l?fansaiiese-ores.    (Determination  of 
the  amount  of  available  oxygen  Avhicli  they  contain.) 

a.  B}/  chlorimetry. — Binoxide  of  manganese,  heated  with  hydro- 
chloric acid,  evolves  chlorine,  in  the  proportion  of  2  atoms  chlorine 
for  each  atom  of  binoxide  (xMn-O-  -t  4ClH=z  2MnCl-+-  2rP0  +  Cl-). 
The  ore  (the  moisture  in  which  is  first  estimated)  is  heated  in  a 
flask  with  excess  of  concentrated  hydrochloric  acid,  and  all  the 
chlorine  evolved  conducted  into  a  dilute  solution  of  soda,  into 
milk  of  lime,  into  a  known  volume  of  the  standard  acid  or  alkaline 
arsenious  solution,  or  into  excess  of  iodide  of  potassium ;  and  the 
amount  of  chlorine  estimated  by  one  of  the  chlorimetrical  processes 
(38).  The  amount  of  binoxide  of  manganese  corresponding  to 
a  given  weight  of  chlorine  is  easily  calculated.  (CP  :  Mn^O- : : 
71  :  84). 

Each  c.c.  of  the  acid  arsenious  solution  (37.  a)  corresponds  to 
O'OlOgrm.  chlorine,  and  to  0-01183grm,  binoxide:  hence  50c.c. 
correspond  to  0-5  grm.  chlorine,  and  to  0*59 15  binoxide.  If  the 
ore  be  rich,  about  1  grm  is  sufficient  for  analysis :  if  it  be  poor, 
1*5— 2  grm.  should  be  taken. 

Each  c.c.  of  the  alkaline  arsenious  solution  (40)  corresponds  to 
0-00355grm.  chlorine,  and  to  0-0042 grm.  binoxide:  hence  lOOc.c. 
correspond  to  0*42  grm.  binoxide  ;  and  if  0*42  grm.  ore  be  taken 
for  analysis,  the  number  of  c.c.  of  arsenious  solution  which  is 
oxidised  by  it  gives  at  once  the  percentage  of  binoxide. 

b.  By  oxalic  acid  and  cameleon  (permanganate  of  potassium). 
— A  dilute  solution  of  oxalic  acid  decomposes  permanganates  in 
presence  of  sulphuric  acid,  being  itself  converted  into  carbonic 
anhydride  and  water  (Mn''O^H2  +  2SO'H2 -f.5C20''I-Piz:2SO*Mn-^ 
-(-8H20+ lOCO^).    Under  the  same  circumstances  oxalic  acid 

R  4 


248 


VALUATION  OF  MANGANESE-ORES. 


PART  IV. 


decomposes  binoxide  of  manganese,  atom  for  atom  (Mn-O^-h 
S0^H2  +  C20^H2  =  SO' Mn'^  +  2 IPO  +  2C02).  Hence  the  amount 
of  binoxide  of  manganese  in  an  ore  can  be  estimated  volumetri- 
cally,  by  allowing  it  to  react  upon  a  known  volume  of  a  standard 
solution  of  oxalic  acid,  which  is  added  in  excess,  and  then  esti- 
mating the  amount  of  undecomposed  oxalic  acid  by  a  standard 
solution  of  cameleon. 

Tlie  standard  solutions  required  are: 

1.  Oxalic  acid. — This  is  the  same  as  that  employed  for  alka- 
limetry. 1  c.c.  contains  0-063  grm.  crystallised  oxalic  acid,  and 
corresponds  to  0*042  grm.  binoxide. 

2.  Cameleoji. — Since  this  solution  cannot  be  preserved  without 
decomposition,  it  is  not  standardised  once  for  all ;  but  a  mode- 
rately strong  solution  is  prepared,  and  its  exact  value  determined 
before  each  operation.  This  is  readily  done  by  means  of  the 
standard  solution  of  oxalic  acid.  5  c.c.  of  the  latter  are  diluted 
to  200  c.c,  about  4  c.c.  strong  sulphuric  acid  are  added,  and  the 
cameleon-solution  introduced,  drop  by  drop,  from  a  burette.*  The 
dark  colour  produced  by  the  cameleon  disappears  at  first  slowly, 
but  more  rapidly  as  the  operation  proceeds :  the  operation  is 
terminated  when  a  faint  rose-tinge  is  produced  which  remains 
permanent  for  a  short  time.  Suppose,  for  instance,  29  c.c. 
cameleon-solution  are  employed  :  1  c.c.  cameleon  corresponds  to 
^^^=:0*1724  c.c.  oxalic  acid. 

The  analysis  is  conducted  as  follows. — The  ore  having  been 
finely  pow^dered  and  completely  dried,  2'1  grm.  are  treated  with 
about  30  c.c.  standard  oxalic  acid,  and  4  c.c.  concentrated  sul- 
phuric acid  :  when  the  evolution  of  carbonic  anhydride  slackens, 
heat  is  applied,  till  no  more  gas  is  evolved.    If  any  of  the  ore 

*  The  burette  above  alluded  to,  which  discharges  the  liquid  through  a  caout- 
cliouc  tube,  cannot  be  used  for  cameleon,  since  this  substance  is  reduced  by  any 
organic  matter,  Cameleon-solution  is  best  kept  in  a  flask  fitted  with  tubes 
like  a  wash-bottle:  it  may  thus  be  transferred  to  the  burette  without  exposing 
the  contents  of  the  flask  to  dust  or  other  impurities,  and  without  disturbing  any 
pediment  that  may  have  formed  in  the  flask.  Moreover  the  solution  never 
touches  the  cork.  According  to  Möhr,  cameleon  may  be  preserved  for  months 
in  this  manner,  without  any  sensible  variation  in  its  standard. 


PT.  IV.    DETERMINATIONS  BY  IODINE  AND  REDUCING  AGENTS.  249 


remains  undecomposed,  5  or  lOc.c.  more  oxalic  acid  must  bo 
added.  When  the  evolution  of  gas  has  quite  ceased,  the  clear 
solution  is  decanted  into  a  graduated  cylinder,  and  the  residue  is 
treated  with  2  or  3  c.c.  more  oxalic  acid,  and  a  few  drops  of  sul- 
phuric acid,  and  again  heated.  When  the  decomposition  is  com- 
plete, the  solution  (residue  and  all)  is  washed  into  the  cylinder, 
and  the  whole  diluted  to  a  known  volume.  The  mixture  thus 
obtained  is  never  clear;  but  it  need  not  be  filtered  unless  it  is 
dark-coloured,  A  known  volume  of  it  is  measured  off,  diluted, 
acidulated  with  sulphuric  acid,  and  the  amount  of  non-oxidised 
oxalic  acid  estimated  by  the  cameleon-solution,  as  above :  from 
the  result  thus  obtained,  the  amount  of  non-oxidised  oxalic  acid 
in  the  whole  mixture  is  calculated.  The  number  of  c.c.  of  oxalic 
acid  oxidised,  multiplied  by  2,  gives  the  percentage  of  binoxide 
in  the  ore. 

Example. —  1  c.c.  cameleon  =  0-1724  standard  oxalic  acid.  Weight  of  ore 
taken,  2-1  gnu.  Total  volume  of  oxalic  acid  used,  48  c.c.  The  mixture  heing 
diluted  to  -300  c.c.  10Ü  cc.  require  4  c.c.  cameleon:  hence  the  whole  300  c.c.  re- 
quire 12  c.c.  cameleon,  which  correspond  to  2"07  c.c.  oxalic  acid.  48  — 2  07  = 
45  93  c.c.  oxalic  acid  oxidised  hy  binoxide:  whence  percentage  of  binoxide  is 
45-93  X  2  =  91-86  p.  c. 

If,  instead  of  2-1  grm.,  any  arbitrary  weight  of  ore  is  taken, 
the  amount  of  binoxide  is  calculated  by  the  proportion  100  : 
4*2  :  :  number  of  c.c.  oxalic  acid  oxidised  :  amount  required ;  the 
percentage  is  then  calculated  as  usual. 

40.   Toliintetric    determinations    by    Iodine  and 
Ar»ienious  anhydride. 

Arsenious  anhydride  in  an  alkaline  (not  in  an  aqueous  or  acid) 
solution,  is  completely  oxidised  by  iodine  in  presence  of  water, 
and  converted  into  arsenic  anhydride,  hydriodic  acid  being  simul- 
taneously produced  :  enough  alkali  must  be  present  to  saturate  the 
hydriodic  acid  formed.  (As^O-''  +  P  +  2H20  =  As^O'^  -|-  4IH.) 
The  blue  colour  of  iodide  of  starch  is  destroyed  by  the  alkaline 
arsenious  solution  :  if  therefore  starch-paste  be  added  to  the 
latter,  and  an  iodine-solution  gradually  mixed  with  it,  the  blue 
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colour  will  appear  at  the  moment  when  the  arsenious  anlijdride 
is  completely  oxidised. 

Hence  arsenious  anhydride  may  be  estimated  volumetrically  by 
means  of  an  iodine  solution  of  known  strength;  and  reciprocally 
iodine  may  be  determined  by  means  of  a  standard  solution  of 
arsenious  anhydride.  And  if  any  substance  which  oxidises  or 
precipitates  the  arsenious  solution  be  allowed  to  react  completely 
upon  an  excess  of  that  solution,  the  volume  employed  being 
known,  the  amount  of  arsenious  anhydride  oxidised  or  precipit- 
ated by  the  substance  can  be  estimated  by  means  of  a  standard 
solution  of  iodine. 

The  standard  solutions  required  are  : 

1.  An  arsenious  solution.  —  4'9o  grm.  {-^^^  gramme-atom)  pure 
and  dry  arsenious  anhydride  are  dissolved  by  heating  with  about 
15  grm.  acid  carbonate  of  sodium,  and  the  solution  diluted  to 
1000  c.c.    1  c.c.  contains  0'00495  grm.  arsenious  anhydride. 

2.  An  iodine-solution. — 12*7  grm.  (y^^^  gramme-atom)  iodine  are 
dissolved  in  iodide  of  potassium,  and  the  solution  diluted  to  1000 
c.c.  Iodine  is  seldom  quite  free  from  chlorine ;  and  even  if 
pure  iodine  be  employed,  the  solution  cannot  be  kept  without  a 
lowei'ing  of  its  standard.  Hence  the  real  amount  of  iodine  con- 
tained in  it  must  be  determined  before  each  experiment.  For  this 
purpose  10  c.c.  of  the  standard  arsenious  solution  are  mixed 
with  a  few  drops  of  starch-solution,  and  the  iodine-solution  added 
from  a  burette  till  the  appearance  of  a  blue  colour.  Suppose 
10*2  c.c.  iodine-solution  are  required  for  this:  1  c.c.  iodine-solu- 
tion corresponds  to  -^^^^  =  0*98039  c.c.  arsenious  solution. 

There  are  further  required : 

3.  A  clear,  dilute,  freshly  prepared  starch -solution. 

4.  lodine-starch-paper,  prepared  by  dipping  strips  of  paper 
(free  from  chlorine)  in  a  solution  of  iodide  of  potassium  mixed 
with  starch,  and  drying  them.  They  must  not  be  turned  blue  by 
pure  hydrochloric  acid.  I 

This  process  can  be  applied  to  the  estimation  of  a  great  variety 
of  substances.    The  following  are  some  of  the  most  important. 

a.  Arsenious  anhydride.  — From  O'l  to  0*2  grm.  of  the  sample 
are  dissolved  in  a  solution  of  acid  carbonate  of  sodium,  a  few 
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drops  of  starch-solution  added,  and  then  the  iodine-solulion  till 
the  appearance  of  the  blue  colour. 

Example. — 1  c.c.  iodine-solution  =  0-98039  o.e.  arsenions  solution.  "Weight  of 
substance,  OM  gnu.  Iodine  -  solution  employed,  15  5  e.e.  eorresponding  to 
15*196  c.c.  arsenious  solution  =  0'0752  grra.  arsenious  anhydride  =  75 -2  p.  c. 

b.  Iodine.  —  The  weighed  sample  is  dissolved  in  a  known 
volume  of  the  arsenious  solution,  starch-solution  added  (if  a  blue 
colour  is  produced,  more  arsenious  solution  must  be  added),  and 
the  excess  of  arsenious  anhydride  estimated  by  the  iodine-solution. 
—  1  c.c.  arsenious  solution  =  0*0127  grm.  iodine. 

c.  Chlorine.  —  (Chloride  of  lime,  chlorine-water,  &c.)  —  About 
1  grm.  chloride  of  lime  is  stirred  up  with  water,  and  the  arse- 
nious solution  added  from  a  burette,  until  a  drop  of  the  mixture 
docs  not  colour  the  iodine-starch-paper  blue.  Starch-solution  is 
then  added,  and  the  excess  of  arsenious  anhydride  estimated  by 
the  iodine-solution.  The  amount  of  arsenious  acid  oxidised  by 
the  available  chlorine  in  the  sample,  and  hence  that  of  the 
chlorine  it.self,  is  thus  determined.  For  chlorine-water,  a  known 
volume  of  it  is  introduced  from  a  pipette  into  a  solution  of  car- 
bonate of  sodium,  and  the  mixture  treated  as  above. — 1  c.c.  arse- 
nious solution  =  0*0035ö  grm.  chlorine. 

Example. —  1  c.c.  iodine-solution  =  1  c.c.  arsenious  solution.  Weight  of 
chloride  of  lime,  1  grm.  Arsenious  solution  employed,  7"2  c.c.  Iodine-solu- 
tion employed,  0*2  c.c.  Amount  of  arsenious  anhydride  oxidised,  718  c.c. 
Available  chlorine,  71-8  x  0  00355  =  0-25489  =  25-489  p.  c. 

d.  Hydrosnlphuric  acid. — A  known  volume  of  the  standard 
arsenious  solution  is  introduced  into  a  graduated  cylinder,  and  a 
known  volume  of  sulphuretted-hydrogen-water  added,  the  arse- 
nious solution  being  in  excess.  The  mixture  is  briskly  agitated, 
acidulated  with  hydrochloric  acid  diluted  to  about  ten  times  its 
volume,  and  filtered  into  a  dry  vessel  from  the  precipitated  tersul- 
phide  of  arsenic.  An  aliquot  part  of  the  filtrate  is  measured  off, 
neutralised  with  powdered  acid  carbonate  of  sodium,  starch- 
solution  added,  and  the  excess  of  arsenious  anhydride  determined 
by  the  iodine-solution.  The  amount  found,  calculated  for  the 
whole  of  the  filtrate,  and  deducted  from  the  weight  of  arsenious 
anhydride  employed,  gives  the  amount  precipitated  by  the  hydro- 
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sulphuric  acid.  1  atom  arsenious  anhydride  reacts  with  3  atoms 
hydrosulphuricacid(As203  +  3H2S  =  As-'S3  +  3H20):  hence,  1  c.c. 
arsenious  solution,  containing  0*00495  grm.  anhydride,  corre- 
sponds to  0  00255  grm.  hydrosulphuric  acid. 


Example. — 1  c.c.  iodine-solution  =  0-25974  arsenious  solution. 

1 0  c.c.  standard  arsenious  solution  1  vi  *  j  *  onn  » 
on  ^     ^  1  1      ...  I  u  J  .       f  diluted  to  300  c.c. 

20  c.c.  sulphuretted  hydrogen  water  J 

100  c.c.  of  the  mixture  required  11  c.c.  iodine-solution:  hence  .SOO  c.c.  require 
33  c.c.  iodine-solution,  =  8-^7  c.c.  arsenious  solution.  10  —  8  d7  =  1-43  c.c. 
arsenious  solution  =  0'0036465  grm.  hydrosulphuric  acid.  Whence  100  c.c.  sul- 
phuretted hydrogen  water  contain  0  0 1823  grm.  hydrosulphuric  acid. 

e.  Chromates. — All  Chromates,  when  boiled  with  hydrochloric 
acid,  evolve  for  each  atom  of  the  salt  3  atoms  chlorine  (Cr20^H'-  + 
6ClH=Cr2CP-f  4H20  +  CP):  hence  each  atom  of  a  bichromate 
evolves  6  atoms  chlorine.  If  this  chlorine  be  estimated  by  the 
process  described  in  (c),  the  amount  of  Chromate  or  bichromate  is 
readily  calculated  from  it.    (Cl^ :  Cr^O'K^ : :  213  :  294-8). 

From  0*2  to  0*4  grm.  of  the  salt  is  placed,  together  with  suffi- 
cient strong  hydrochloric  acid,  in  a  small  flask,  to  which  is 
attached  by  a  piece  of  caoutchouc  tubing  a  glass  delivery-tube, 
which  passes  loosely  into  the  mouth  of  an  inverted  retort  con- 
taining a  known  volume  of  the  standard  arsenious  solution.  The 
neck  of  the  retort  must  be  of  sufficient  capacity  to  contain  the 
whole  of  the  arsenious  solution  employed.    Heat  is  then  applied 
to  the  flask,  when  chlorine  is  evolved  and  passes  into  the  solution 
in  the  retort.     In  order  to  avoid  the  possible  absorption  into 
the  flask  of  the  contents  of  the  retort,  the  end  of  the  delivery- 
tube  which  dips  into  the  arsenious  solution  terminates  in  a  piece 
of  caoutchouc  tubing  which  is  closed  with  a  piece  of  glass  rod : 
in  the  caoutchouc  tube  a  small  slit  is  made,  which  serves  as  a 
valve,  allowing  the  egress  of  the  gas,  but  preventing  the  ingress 
of  the  liquid.    When  the  whole  of  the  chlorine  has  passed  into 
the  retort,  the  delivery-tube  is  withdrawn,  the  retort  emptied  into 
a  beaker,  starch  added,  and  the  unoxidised  arsenious  anhydride 
estimated  by  the  iodine  solution. 

This  method  of  analysis  is  applicable  to  all  metallic  peroxides 
which  evolve  chlorine  when  heated  with  hydrochloric  acid. 

The  above  method  is  a  modification  by  Möhr  of  that  introduced 
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by  Bun  sen,  who  was  the  first  to  employ  the  reaction  of  iodine 
with  reducing  agents  in  volumetric  analysis.  The  reducing  agent 
employed  by  Bunsen  was  a  very  dilute  solution  of  sulphurous 
acid.  The  use  of  this  reagent  is  attended  with  some  incon- 
venience, owing  to  the  large  quantity  of  it  necessary  for  the 
operation,  the  difficulty  of  preserving  it  unchanged,  and  the 
introduction  of  another  solution  into  the  analysis,  viz.  a  solution 
of  iodide  of  potassium.  Another  reducing  agent,  which  in  many 
cases  may  replace  without  disadvantage  Mohr's  arsenious  solution, 
is  hi/posulphite  of  sodium,  which  is  converted  by  iodine  into  tetra- 
thionate  of  sodium  :  the  reaction  takes  place  between  2  atoms 
of  the  salt  and  2  of  iodine  (2SH:)3Na2  +  P  =  S^O^Na-' +  2NaI). 
The  formula  of  the  crystallised  salt  is  S203Na'-'  +  5H-0  =  248  : 
hence  by  dissolving  24'8  grm.  (1  decigramme-atom)  in  1  litre  of 
water,  a  solution  is  obtained,  of  which  each  c.c.  contains  0*0248 
grm.  hyposulphite,  and  corresponds  to  0'0127  grm.  iodine. 

By  means  of  tliis  standard  solution  copper  may  be  estimated 
volumetrically  with  great  exactness.  When  iodide  of  potassium 
is  added  to  the  solution  of  a  cupric  salt,  subiodide  of  copper  is 
precipitated,  and  iodine  set  free  (Cu'-0  +  2K[  =  Cu^I  +  K^O  +  I), 
the  atom  of  liberated  iodine  corresponding  to  2  atoms  copper ;  if 
therefore  the  amount  of  free  iodine  be  estimated  by  the  standard 
solution  of  hyposulphite,  that  of  the  copper  is  easily  calculated 
from  it.  The  copper  is  dissolved  in  dilute  nitric  acid,  and  the 
solution  boiled  till  free  from  nitrous  acid ;  it  is  then  moderately 
diluted,  neutralised  with  carbonate  of  sodium,  and  acidulated 
with  acetic  acid.  A  quantity  of  iodide  of  potassium  in  crystals, 
not  less  than  6  times  the  weight  of  the  copper,  is  then  added ; 
and  when  it  has  dissolved,  the  standard  solution  of  hyposulphite 
is  added,  till  the  colour  of  the  solution  changes  from  brown  to 
yellow.  After  the  addition  of  a  little  clear  starch-solution,  the 
hyposulphite  is  further  added  till  the  blue  colour  has  entirely  dis- 
appeared. 1  c.c.  hyposulphite  =  0-00634  grm.  copper.  Small 
quantities  of  iron,  tin,  lead,  or  zinc,  do  not  interfere  with  this 
estimation.    (Brown.    Cliem.  Soc.  Qu.  J.  x.  71.) 
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41.  Estimation  of  Iodine  in  metallic  Iodides. 

a.  In  absence  of  Bromides. — Bisulphide  of  carbon,  or  chloroform, 
is  coloured  violet  by  free  iodine,  or  by  chloride  or  terchloride  of 
iodine,  but  is  not  affected  by  pentachloride,  ICl'.  Upon  this  fact 
is  founded  a  method  for  the  estimation  of  metallic  iodides,  by  de- 
termining the  amount  of  chlorine  .required  to  convert  into  penta- 
chloride the  iodine  contained  in  the  iodide. 

Standard  solution:  a  very  dilute  aqueous  solution  of  chlorine, 
of  known  strength.  Clilorine-water  is  added  to  a  large  quantity 
of  water,  and  the  amount  of  chlorine  in  a  measured  volume  of  the 
mixture  determined  by  one  of  the  chlorimetrical  processes:  and 
from  this  the  amount  of  chlorine  in  one  division  of  the  burette  is 
calculated  =  X. 

The  solution  to  be  analysed  (which  must  not  contain  any 
metallic  salts  that  are  decomposed  by  clilorine  or  iodi(;ie)  is  largely 
diluted,  and  mixed  in  a  stoppered  vessel  with  a  few  grammes  of 
pure  bisulphide  of  carbon  (or  chloroform),  and  the  dilute  standard 
solution  of  chlorine  gradually  added,  the  mixture  being  briskly 
agitated,  until  the  violet  colour  that  at  first  appears  is  entirely 
gone.  Let  the  number  of  burette-divisions  employed  =T:  then 
Tx  is  the  amount  of  chlorine,  from  which  the  amount  of  iodine 
in  the  sample  is  to  be  calculated.  The  reaction  takes  place 
between  six  atoms  chlorine  and  one  atom  iodine.  (CI^ :  I : :  213  : 
127.) 

If  organic  matter  be  present  in  the  solution  examined,  an 
excess  of  chlorine  over  the  normal  amount  is  required  for  the 
destruction  of  the  violet  colour.  In  this  case,  when  the  colour 
has  disappeared,  an  excess  of  pure  iodide  of  potassium  is  added, 
and  the  amount  of  iodine  set  free  determined  as  in  40.  Every 
six  atoms  of  liberated  iodine  corresponds  to  one  atom  of  iodine  in 
the  original  solution  (ICP  +  5KI=F  +  5KC1). 

6.  In  presence  of  Bromides.  —  When  a  solution  contains  a 
bromide  as  well  as  an  iodide,  it  must  be  diluted  till  there  is  not 
more  than  1  pt.  of  the  former  to  13,000  pts.  water.  Pentabromidc 
of  iodine  Avhich,  on  addition  of  chlorine  to  this  dilute  solution,  is 
formed  either  alone  or  together  with  pentachloride,  according  to 
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the  amount  of  bromide  present,  resembles  the  pentachloride  in  its 
behaviour  to  bisulphide  of  carbon  or  chloroform.  Since  tho 
amount  of  chlorine  employed  is  just  the  same  as  if  no  bromide 
were  present,  the  requisite  calculation  is  the  same  as  in  (a). 

42.  Estimation  of  Silver  (in  alloys  or  solutions). 

This  estimation  depends  upon  the  property  possessed  by  chloride 
of  silver  of  aggregating  into  masses,  and  rapidly  subsiding  in  a 
solution.  1  atom  silver=108,  dissolved  in  nitric  acid,  requires  1 
atom  chloride  of  sodium=:58-ö  for  its  complete  precipitation. 
Hence  if  a  silver-solution  be  completely  and  accurately  pre- 
cipitated by  a  chloride  of  sodium  solution  of  known  strength,  the 
amount  of  silver  is  readily  calculated.  The  standard  solutions 
required  are: 

a.  A  normal  solution  of  chloride  of  sodium.  —  5  4 17  grm.  pure 
decrepitated  chloride  of  sodium  are  dissolved  in  distilled  water 
(perfectly  free  from  chlorine)  and  diluted  to  1000  c.c:  (or  16"98 
c.c.  of  a  solution  of  chloride  of  sodium  saturated  at  the  ordinary 
temperature  are  diluted  to  1000  c.c.)  :  1  c.c.  =0'010  grm.  silver. 

b.  A  decimal  solution  of  chloride  of  sodium.. — 100  c.c.  of  solution 
a,  are  diluted  with  distilled  water  to  1000  c.c.  1  c.c.=0*001  grm. 
silver. 

c.  A  decimal  silver -solution. —  1  grm.  chemically  pure  silver  is 
dissolved  in  nitric  acid  perfectly  free  from  chlorine,  and  the 
solution  diluted  to  1000  c.c.    1  c.c.  contains  0*001  grm.  silver. 

Equal  volumes  of  b.  and  c.  mixed  together,  should  yield  a 
solution  containing  neither  chlorine  nor  silver. 

About  1  grm.  of  the  substance  to  be  analysed  is  dissolved  in 
nitric  acid  with  the  aid  of  heat,  the  excess  of  acid  evaporated  olf, 
the  solution  diluted,  and  filtered  into  a  stoppered  vessel.  The 
normal  chloride  of  sodium  solution  is  then  added  from  a  burette, 
the  mixture  being  briskly  shaken  from  time  to  time,  as  long  as  it 
produces  a  distinct  precipitate.  As  soon  as  the  liquid  is  quite 
clear,  1  c.c.  of  the  decimal  chloride  of  sodium  solution  is  added  ; 
if  the  liquid  remains  clear,  the  chloride  of  sodium  is  already  in 
excess;  if  a  precipitate  is  formed,  the  decimal  solution  must  bo 
added  drop  by  drop,  with  occasional  agitation,  until  it  no  longer 
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produces  any  effect.  The  excess  of  chloride  of  sodium  is  then 
estimated  in  precisely  the  same  manner  by  the  decimal  silver- 
solution.  If  the  amount  of  silver  in  the  alloy  be  already 
approximately  known  (by  cupellation  or  otherwise)  the  simplest 
way  is  to  weigh  out  as  much  of  the  alloy  as  contains  about  1  grm. 
silver,  to  add  at  once  100  c.c.  of  the  normal  chloride  of  sodium 
solution,  and  to  complete  the  estimation  with  the  decimal  solutions, 
as  above. 

43.  Estimation  of  soluble  Chlorides  by  IVitrate  of 
Silver. 

This  estimation  depends  on  the  fact  that  nitrate  of  silver,  when 
added  to  a  neutral  solution  containing  a  chloride  and  a  Chromate, 
does  not  precipitate  red  Chromate  of  silver,  until  the  whole  of  the 
chlorine  is  precipitated.    The  solutions  required  are : 

a.  A  standard  decimal  solution  of  nitrate  of  silver. — 10*8  grm. 
pure  silver  are  dissolved  in  nitric  acid,  evaporated  to  dryness,  the 
residue  carefully  fused,  and  dissolved  in  water,  and  the  solution 
diluted  to  1000  c.c.  :  or  17  grm.  fused  nitrate  of  silver  are  dis- 
solved and  diluted  to  1000  c.c.    1  c.c.  =  0*00355  grm.  chlorine. 

b.  A  standard  decimal  solutioii  of  chloride  of  sodium. — 5*85 
grm.  decrepitated  chloride  of  sodium  are  dissolved  in  water,  and 
diluted  to  1000  c.c.  These  two  solutions,  when  mixed  in  equal 
volumes,  must  yield  a  solution  containing  neither  chlorine  nor 
silver. 

c.  A  solution  of  Chromate  of  potassium,  which  need  not  be 
standardised. 

From  0-2  to  0'4  grm.  of  the  substance  to  be  examined  are 
dissolved,  and  to  the  neutral  or  feebly  alkaline  solution  a  few 
drops  of  the  Chromate  solution  added ;  the  silver-solution  is 
then  added  until  the  permanent  appearance  of  a  red  precipitate ; 
and  the  point  at  which  the  red  colour  disappears  is  ascertained 
by  means  of  the  chloride  of  sodium  solution.  The  volume  of 
chloride  of  sodium  solution  is  deducted  from  that  of  the  silver- 
solution  employed:  and  the  amount  of  chlorine  in  the  sample 
calculated  from  the  remainder. 
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44.  £!stiniatioii  of  Hydrocyanic  Acid. 

Two  atoms  cyanide  of  potassium  with  one  atom  nitrate  of 
silver  form  one  atom  soluble  cyanide  of  silver  and  potassium 
(2CyK  +  NO^Ag  =  Cy^AgK  +  NO^K)  :  which  compound  is  de- 
composed by  the  further  addition  of  nitrate  of  silver,  a  precipitate 
of  cyanide  of  silver  being  formed  (Cy2AgK  +  N03Ag=:2CyAg4- 
NO^K).  Hence,  when  a  silver-solution  is  added  to  cyanide  of 
potassium,  the  first  appearance  of  a  permanent  precipitate  marks 
the  point  at  which  the  formation  of  the  double  salt  is  complete  ; 
and  if  the  silver-solution  be  of  known  strength,  the  volume  em- 
ployed will  indicate  the  amount  of  cyanogen  present,  1  atom 
silver  corresponding  to  2  atoms  cyanogen. 

Standard  solution. — 6  3  grm.  fused  nitrate  of  silver  are  dis- 
solved in  water  and  diluted  to  1000  c.c.  1  c.c,  =  0  002  grm.  hydi'o- 
cyanic  acid.  The  solution  containing  hydrocyanic  acid  is  mixed 
with  caustic  potash  till  it  is  decidedly  alkaline,  a  few  drops  of 
chloride  of  sodium  solution  added,  and  then  the  standard  solution 
until  the  precipitate  formed  does  not  disappear  on  agitation. 

This  is  a  convenient  method  of  estimating  hydrocyanic,  in  pre- 
sence of  hydrochloric,  acid. 

45.  Estimation  of  Iron. 

Permanganates  are  decomposed  by  protosalts  of  iron  in  pre- 
sence of  sutficient  free  acid,  a  protosalt  of  manganese  being 
formed,  while  the  protosalt  of  iron  is  converted  into  scsquisalt 
(Mn'O^PP  +  20FeCl  +  14IICl  =  4MnCl+10Fe2C13  +  8rPO).  So 
long  therefore  as  an  acid  solution  of  iron  contains  any  protosalt, 
it  will  destroy  the  colour  of  permanganate  of  potassium  (came- 
leon).  Cameleon  is  decomposed  by  concentrated  hydrochloric 
acid  in  the  cold,  and  by  dilute  hydrochloric  acid  when  mode- 
rately heated,  but  cold  dilute  hydrochloric  acid  is  without  action 
upon  it :  hence  the  iron-solution  should  be  very  dilute,  and  should 
not  be  operated  on  when  warm. 

The  only  solution  required  is  one  of  cameleon.  This  is  pre- 
pared by  moderately  heating  in  a  Hessian  crucible  a  mixture  of 
8  pts.  finely  powdered  binoxide  of  manganese,  10  pts.  hydrate, 
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and  7  pts.  chlorate,  of  potassium,  ■which  have  previously  been 
stirred  up  with  a  little  water,  and  evaporated  to  dryness.  The 
fused  mass  is  dissolved  in  hot  water,  mixed  with  a  little  sulphuric 
acid,  and  the  clear  solution  poured  off  from  the  deposit  (not 
filtered).  As  this  solution  cannot  be  kept  unchanged,  its  stan- 
dard must  be  determined  before  each  experiment.  For  this  pur- 
pose Möhr  recommends  the  employment  of  crystallised  sulphate 
of  iron  and  ammonium  (SO 'FeNIP +  3H-0),  which  is  obtained  by 
crystallising  a  mixture  of  the  sulphates  of  iron  and  of  ammonium 
in  atomic  proportions.  It  can  be  kept  for  any  length  of  time  in 
the  solid  state,  but  not  in  solution.  Exactly  -^th  of  its  weight 
consists  of  iron.  A  weighed  portion  of  the  salt  is  dissolved  in 
water,  a  little  sulphuric  acid  added,  and  then  the  cameleon-solu- 
tion  from  a  burette  until  a  i-ose-tint  is  produced,  which  does  not 
disappear  immediately.  Suppose  1  grm.  of  the  salt  required 
23'7  c.c.  cameleon,  these  correspond  to  ^  grm.=0'14286  grm.  iron, 
and  1  c.c.=0-006  grm.  iron.  Or  the  cameleon  maybe  standardised 
by  the  normal  oxalic  acid  solution  as  in  39,  5  c.c.  of  which,  con- 
taining 0-315  grm.  oxalic  acid=0'28  grm.  iron.  The  old  method 
of  standardising  the  cameleon  by  means  of  a  solution  of  ferrous 
chloride  obtained  by  dissolving  clean  iron  wire  in  hydrochloric 
acid  is  less  accurate,  owing  both  to  the  impurity  of  the  iron,  and 
the  extreme  difficulty  of  obtaining  a  solution  perfectly  free  from 
sesquichloridc. 

For  the  analysis  of  iron-ores,  the  substance,  vei-y  finely  pow- 
dered, is  dissolved  as  completely  as  possible  by  digestion  in  strong 
hydrochloric  acid  :  any  sesquisalt  that  may  be  present  is  reduced 
by  heating  the  solution  with  metallic  zinc  free  from  iron,  until  the 
red  colour  has  entirely  disappeared.  It  is  then  diluted  to  about  1 
litre,  and  the  cameleon-solution  added  until  a  rose-tint  is  pro- 
duced that  does  not  immediately  disappear.  The  number  of  c.c. 
employed,  multiplied  by  the  amount  of  iron  to  which  each  c.c.  cor- 
responds, gives  the  amount  of  iron  in  the  sample.  When  it  is 
desired  to  estimate  separately  the  ferrous  and  ferric  salts  in  the 
sample,  care  must  be  taken  to  exclude  the  air  during  solution : 
this  is  done  most  simply  by  placing  some  acid  carbonate  of  sodium 
in  the  flask  in  which  the  ore  is  dissolved.    The  amount  of  proto- 
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salt  is  then  determined  by  the  cameleon-solution,  and,  after  reduc- 
tion by  zinc,  the  total  amount  of  iron  is  estimated :  the  difference 
between  the  volumes  of  cameleon  solution  employed  in  each  deter- 
mination corresponds  to  the  iron  contained  as  sesquisalt. 

46.  Valuation  of  ]%itre. 

a.  Six  atoms  of  iron  (168  pts.)  in  solution  as  protochloride 
require  one  atom  of  nitrate  of  potassium  (101  pts.)  for  their 
complete  conversion  into  sesquichloride.  (6FeCl-f  N0'*K  +  4HCi 
=  3Fe-CP  + KCl +  211^0  + NO).  If  then  a  weighed  sample 
of  a  substance  containing  nitre  be  made  to  act  upon  a  mea- 
sured excess  of  protochloride  of  iron,  and  the  remaining  proto- 
chloride be  estimated  by  cameleon,  the  amount  which  has  been 
converted  into  sesquichloride  will  indicate  the  quantity  of  nitre 
contained  in  the  sample. 

The  standard  solution  of  ferrous  chloride  cannot  be  kept,  but 
must  be  prepared  for  each  experiment.  2  grm.  clean  soft  iron 
wire  are  dissolved  in  a  flask  by  excess  of  concentrated  hydro- 
chloric acid:  about  1'2  grm.  of  the  sample  of  nitre  are  added, 
and  the  whole  boiled  till  the  dark  colour  produced  by  the  absorp- 
tion of  nitric  oxide  by  protochloride  of  iron  has  completely  dis- 
appeared. In  order  to  prevent  as  far  as  possible  the  access  of 
air  during  the  solution,  the  flask  may  be  closed  with  a  perforated 
cork,  into  which  is  inserted  a  tube  drawn  out  to  a  fine  point.  Or 
the  cork  may  be  fitted  with  a  bent  tube,  which  passes  nearly  to 
the  bottom  of  a  second  flask  (loosely  corked),  containing  water 
which  has  been  freed  from  air  by  boiling :  when  the  lamp  is 
withdrawn  from  the  first  flask,  the  water  will  pass  over  into  the 
iron-solution,  which  will  thus  be  cooled  without  access  of  air. 
The  solution  is  then  diluted  with  (boiled)  water  to  about  1  litre, 
and  the  remaining  ferrous  chloride  estim.ited  by  the  standard 
cameleon-solution  (45).  2  grm.  minus  the  amount  of  iron  thus 
ascertained,  gives  the  amount  of  iron  converted  by  the  nitre  into 
sesquisalt  ;  whence  the  amount  of  nitre  in  the  sample  is  readily 
calculated.  (Fe^:  NO-'K:  :  168  :  101.)*  (Pelouze.) 

*  In  spite  of  the  above  precautions,  it  is  almost  impossible  to  prepare  a  solu- 
tion of  protochloride  of  iron  perfectly  free  froni  sesquichloride:  and  thus  a  cer- 
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b.  Gay-Lussac's  method  is  to  convert  the  nitrate  of  potas- 
sium into  carbonate  by  ignition  Avith  carbon  and  decrepitated 
chloride  of  sodium  :  the  carbonate  is  then  estimated  by  alkali- 
metry (06),  and  the  nitrate  calculated  from  it.  (CO^K^ :  2N0^K  : : 
138:  202.) 

Abel  and  Bloxam  (Chem.  Soc.  Qu.  J.  x.  108)  recommend 
the  following  modifications  of  this  method.  The  carbon  employed 
should  be  graphite,  prepared  by  B  ro  di  e's  process  :  the  best  pro- 
portions are,  1  pt.  nitre,  4  pts.  chloride  of  sodium,  and  ^  pt.  gra- 
phite. The  heat  should  not  be  sufficient  to  volatilise  the  chloride 
of  sodium  to  any  considerable  extent :  8  to  10  minutes  moderate 
redness  in  a  muffle-furnace,  or  20  minutes  over  a  Bun  sen's  lamp 
will  suffice.  If  the  nitre  contain  any  sulphate,  the  fused  mass 
must  be  sprinkled  with  chlorate  of  potassium,  and  heated  again 
as  long  as  etfervescence  takes  place. 

c.  For  Pugli's  process,  see  p.  9. 

47.  Estimation  of  üugar  and  Starch. 

1  atom  of  glucose  (C^'-H-'-*O'-=:360),  (also  called  grape-sugar, 
diabetic-sugar,  or  starch-sugar,)  when  in  contact  with  an  alkaline 
solution  of  cupric  oxide  at  boiling  heat,  takes  5  atoms  oxygen 
(=80)  from  10  atoms  oxide  of  copper,  forming  5  atoms  suboxide 
of  copper  (lOCu^O  =  5Cu'*0  =  0"').  The  same  amount  of  cupric 
oxide  requires  1^-  atom  milk-sugar  (C'2H2oOio  +  2H20)  =480,  for 
its  complete  reduction.  If  then,  a  standard  alkaline  solution  of 
cupric  oxide  be  mixed  at  boiling  heat  with  a  solution  containing 
grape-  or  milk-sugar  until  its  reduction  is  complete,  the  amount 
of  sugar  may  be  calculated  from  that  of  reduced  suboxide. 

The  standard  solution  is  prepared  by  dissolving  34'64  grm. 
sulphate  of  copper  (purified  by  recrystallisation  from  water  con- 
taining sulphuric  acid,  after  previous  treatment  with  nitric  acid) 

tain  amount  of  error  is  inseparable  from  this  method.  For  this  reason  it  is 
advisable  before  operating  on  an  unknown  substance,  to  make  a  determination 
with  a  known  weight  of  pure  nitre,  the  results  of  which  may  serve  as  a  term  of 
comparison  for  the  other  analysis  (Möhr).  Fresenius  (Ann.  Ch.  Pharm, 
cvi.  217)  obtains  good  results  by  preparing  the  iron-solution  and  decomposing 
the  nitrate  in  a  vessel  filled  with  hydrogen.  According  to  Abel  and  Bloxam 
(Chcra.  Soc.  Qu.  J.  ix.  110)  the  method  is  not  free  from  other  sources  of  error. 
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in  200  CO.  water,  mixing  it  with  a  solution  of  173  grm.  tartrate 
of  potassium  and  sodium  in  480  c.c.  caustic  soda  of  sp.  gr.  1*14, 
and  diluting  the  mixture  to  1000  c.c.  at  15°.  10  c.c.  of  this 
solution  (which  has  a  fine  blue  colour)  corresponds  to  0*05  grm. 
dry  grape-sugar,  and  to  0*067  grm.  milk-sugar,  dried  at  100°. 

A  known  weight  of  the  liquid  whose  sugar  is  to  be  estimated, 
is  diluted  to  10—20  times  its  volume,  so  that  it  docs  not  contain 
more  than  1  p.  c.  sugar.  If  it  contains  any  albuminous  substances, 
they  are  removed  by  basic  acetate  of  lead.  10  c.c.  of  the  stan- 
dard copper-solution  are  diluted  with  40  c.c.  water,  the  whole 
boiled,  and  while  boiling,  the  sugar-solution  is  added  from  a 
burette,  until  the  reduction  of  the  copper  is  complete  —  i.  c.  until 
the  solution  is  colourless.  To  perceive  this,  the  red  precipitate 
must  be  allowed  to  subside.  So  long  as  each  fresh  drop  of  sugar- 
solution  produces  a  yellow  cloud  on  the  surface  of  the  liquid,  the 
reduction  is  not  complete  ;  the  nearer  it  approaches  completion, 
the  redder  and  more  abundant  does  the  precipitate  of  cuprous 
oxide  become.  A  few  drops  of  the  liquid  are  then  filtered  and 
tested  for  copper  with  hydrosulphuric  acid*,  or,  after  acidulation 
with  acetic  acid,  by  very  dilute  ferrocyanide  of  potassium  ;  if 
copper  be  found,  more  sugar-solution  must  be  added.  Suppose 
10  c.c.  sugar-solution  have  been  employed.  In  order  to  control 
the  result,  the  experiment  is  repeated  with  the  same  quantities  of 
copper-  and  sugar-solution,  the  precipitate  is  allowed  to  settle, 
and  the  solution  filtered  as  quickly  as  possible.  If  it  be  found 
free  from  copper,  the  experiment  is  repeated  with  a  somewhat  less 
volume  of  sugar-solution,  say  9*6  c.c.  If  copper  be  then  found 
in  the  filtrate,  the  sugar-solution  contains  between  5  and  5-2  grm. 
dry  grape-sugar,  or  the  corresponding  amount  of  milk-sugar,  in 
1000  c.c. 

In  order  to  estimate  cane-sugar  or  starch  by  this  process,  they 
must  be  converted  into  glucose  by  digestion  at  a  gentle  heat  for 
some  hours  with  dilute  sulphuric,  or  tartaric,  acid:  100 pts.  grape- 
sugar  (C'2IP'0'2)  correspond  to  95  pts.  cane-sugar  (C^^xi-Qu^^ 
or  to  90  pts.  starch,  C'^J-pooio.  Milk-sugar  is  also  converted  into 

*  If  tlie  solution  has  been  treated  with  acetate  of  lead,  it  cannot  be  tested  by 
hydrosulphuric  acid. 
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glucose  by  heating  with  dilute  sulphuric  acid.  According  to 
Fehling  (Ann.  Ch.  Pharm,  cvi.  79)  milk-sugar  cannot  be  ac- 
curately estimated  unless  it  is  first  converted  into  glucose. 

48.  Analysis  of  Milk. 

A  known  weight  of  milk  (15 — 20  grm.)  is  evaporated  to  dry- 
ness in  a  water-bath  with  a  Aveighed  amount  (3 — 4  grm.)  of 
sulphate  of  calcium,  which  has  been  ignited,  moistened,  and  again 
dried.  By  weighing  the  residue  the  total  amount  of  the  non- 
volatile constituents  is  ascertained,  as  well  as  (by  loss)  that  of  the 
water.  A  weighed  portion  of  the  residue  is  then  repeatedly 
treated  with  ether,  the  insoluble  portion  dried,  and  weighed :  the 
loss  of  weight  represents  the  butter.  The  portion  insoluble  in 
ether  is  then  repeatedly  treated  with  boiling  alcohol,  again  dried, 
and  weighed  :  the  loss  of  weight  represents  the  milk-sugar  and 
the  salts  which  are  soluble  in  alcohol.  The  weight  of  the  residue 
minus  that  of  the  sulphate  of  calcium  added,  represents  the  casein 
and  insoluble  salts.  For  the  determination  of  the  non-volatile 
salts,  another  portion  of  the  milk  is  evaporated  to  dryness,  the 
residue  ignited  till  all  the  carbon  is  burnt  off,  and  then  examined 
as  directed  in  30.  For  the  direct  estimation  of  the  milk-sugar, 
about  50  —  60  grm.  milk  are  mixed  with  acetic  acid,  heated  to 
50°  or  60°,  filtered,  and  the  whey  thus  obtained  treated  with  the 
standard  copper-solution,  as  in  47. 

49.  Estimation  of  tlie  hardness  of  Water. 

The  hardness  of  water  depends  upon  the  amount  of  calcium-  or 
magnesium-salts  which  it  contains.  A  dilute  aqueous  solution 
of  soap  when  agitated  forms  a  froth  upon  its  surface.  Salts  of 
calcium  or  magnesium  are  decomposed  by  alkaline  soaps,  with 
formation  of  an  insoluble  lime-  or  magnesia-soap.  Hence  water 
containing  calcium-  or  magnesium-salts,  when  agitated  with  a 
soap-solution,  does  not  give  a  permanent  froth  until  all  the  calcium 
or  magnesium  is  precipitated,  and  the  soap-solution  is  present  in 
excess.  If  therefore  it  has  been  determined  by  previous  ex- 
periment what  volumes  of  a  standard  soap-solution  are  required  to 
precipitate  completely,  and  give  a  permanent  froth  with,  different 
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calcium -solutions  of  known  sti-engths,  this  soap-solution  may  be 
employed  to  determine  an  unknown  amount  of  lime  in  any  water. 
The  standard  solutions  required  are  : 

1.  An  alcoholic  solution  of  soda-soap.  —  30  grm.  well  dried 
soda-soap,  containing  about  12  p.  c.  water,  are  dissolved  in  3 
litres  alcohol  of  86  p.  c,  and  the  solution  filtered.  200  grm.  of 
this  solution  are  then  mixed  with  150  grm.  water,  and  Avitli 
180  grm.  alcohol  of  48  p.  c.  A  solution  is  thus  prepared,  45  c.c. 
of  which  will  completely  precipitate  the  calcium  in,  and  give  a 
permanent  foam  with,  100  grm.  water  containing  -012  grm.  lime. 

2.  A  perfectlt/  imttral  standard  solution  of  chloride  of  calcium, 
—  0*2143  grm.  pure  carbonate  of  calcium  are  dissolved  in  hydro- 
chloric acid,  evaporated  to  dryness,  the  residue  dissolved  in  water 
and  diluted  to  1000  c.c.  100  cc.  of  this  solution  contain  as  much 
chloride  of  calcium  as  corresponds  to  "012  grm.  lime  (Ca^O). 

3.  By  means  of  this  calcium-solution,  23  weaker  solutions  are 
prepared,  the  first  and  weakest  of  which  contains  '0005  grm. 
lime  in  100  grm.,  each  successive  one  being  stronger  than  that 
immediately  preceding  by -0005  grm.:  the  original  solution  (2) 
containing  -012  grm.  is  the  24th  in  the  series. 

100  grm.  pui-e  Avater  are  then  placed  in  a  stoppered  bottle  hold- 
ing 300 — 400  c.c,  and  the  bottle  is  labelled  No.  1  :  and  100  grm. 
of  the  24  calcium-solutions  are  placed  in  similar  bottles,  which 
are  labelled  Nos.  2  —  25  respectively.  The  next  step  is  to  as- 
certain, beginning  with  No.  1,  how  much  of  the  standard  soap- 
solution  (which  is  added  from  a  burette  graduated  to  c.)  is 
required  to  produce  a  thick,  soft,  and  permanent  lather  when 
agitated  with  the  contents  of  each  flask  successively.  A  table  is 
thus  constructed  showing  how  much  of  the  soap-solution  cor- 
responds to  -0005,  -0010,  -0015,  -0020,  and  so  on  up  to  -0120  grm. 
lime  in  100  grm.  water.  The  number  of  milligrammes  of  lime 
contained  in  100  grm.  of  any  water  is  spoken  of  as  its  degree  of 
hardness. 

The  above  method  is  not  applicable  to  the  eatimation  of  the 
hardness  of  any  water  which  contains  more  than  -012  grm.  lime 
in  100  grm.:  in  waters  containing  more  lime  than  this,  a  per- 
manent (though  tough  and  flaky)  lather  is  produced  before  tho 
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l)rccipitation  of  the  whole  of  the  calcium.  The  water  is  therefore 
diluted,  if  necessary,  and  then  treated  with  the  soap-solution  as 
above.  The  number  of  c.c.  of  soap-solution  employed,  compared 
with  the  numbers  in  the  table,  give  the  amount  of  lime  contained 
in  the  water.  Magnesium-salts  behave  with  soap-solution  just 
like  lime-salts :  if  therefore  the  water  contains  magnesia,  it  will 
be  represented  in  the  result  obtained  by  an  equivalent  amount 
of  lime.  When  a  water  contains,  besides  other  calcium-salts, 
carbonate  of  calcium  dissolved  in  fx*ee  cai'bonic  acid,  it  is  rendered 
less  hard  by  boiling.  The  gross  hardness  is  in  this  case  deter- 
mined in  a  portion  of  the  fresh  water:  i\iQ  permanent  hardness, 
in  an  equal  portion  after  boiling  :  the  difference  between  the  two 
amounts  obtained  represents  the  temporary  hardness. 

50.  Analysis  of  Urine. 

a.  The  specific  gravity  is  first  taken  (31). 

b.  The  total  amounts  of  water,  organic  matter  and  non-volatile 
salts,  are  ascertained  by  evaporating  to  dryness  a  known  weight 
(15  —  20  grm.)  of  urine,  and  weighing  the  residue  after  heating 
to  110°:  the  loss  of  weight  represents  the  water.  The  residue 
is  then  ignited  in  a  porcelain  crucible,  with  occasional  addition 
of  nitric  acid,  till  all  the  carbon  is  burnt  off,  and  again  weighed : 
the  loss  of  weight  represents  the  organic  matter  and  volatile 
salts.  The  second  residue  consists  of  the  non-volatile  salts  :  it 
is  analj^sed  as  directed  in  30. 

c.  Uric  Acid.  —  A  larger  quantity  of  urine  (200  grm.)  is 
acidulated  with  hydrochloric  acid,  and  allowed  to  stand  for  two 
days :  the  uric  acid  separates  out,  and  is  collected  on  a  weighed 
filter.  Or  the  urine  may  be  evaporated  to  dryness,  and  that  por- 
tion of  the  residue  which  is  insoluble  in  alcohol  treated  with 
dilute  hydrochloric  acid,  which  leaves  the  uric  acid  undissolved. 

d.  Chloride  of  Sodium. — Neutral  or  feebly  acid  solutions  of  urea 
give  wnth  a  dilute  solution  of  nitrate  of  mercury  a  Avhite  pre- 
cipitate, which  contains  2  atoms  mercuric  oxide  to  1  atom  urea : 
chloride  of  mercury  does  not  form  this  precipitate  with  urea: 
chloride  of  sodium  and  nitrate  of  mercury  mutually  decompose 
each  other,  forming  nitrate  of  sodium  and  chloride  of  mercury : 
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tlio  decomposition  takes  place  between  1  atom  of  each  salt 
(NO^IIg  +  ClNa  =N03Na  +  CÜIg).  Hence  when  nitrate  of 
mercury  is  added  to  a  solution  containing  both  urea  and  chloride 
of  sodium  {e.g.  urine),  a  permanent  precipitate  is  first  produced 
when  all  the  chloride  of  sodium  has  been  converted  into  nitrate : 
and  if  a  standard  solution  of  nitrate  of  mercury  be  used,  the 
amount  of  chloride  of  sodium  present  is  readily  calculated  from 
the  volume  of  mercury-solution  employed. 
The  solutions  required  are  : 

1  A  standard  solution  of  chloride  of  sodium  (A). — ^Pure  Avater 
at  the  ordinary  temperature  dissolves  an  invariable  amount  of 
pure  rock-salt,  20  c.c.  of  the  saturated  solution,  containing  G*368 
grm.  salt,  are  diluted  to  318-4  c.c:  1  c.c.  of  this  solution  con- 
tains '02  grm.  chloride  of  sodium. 

2.  A  standard  solution  of  urea,  containing  4  grm.  urea  in  100 
c.c.    1  cc.  contains  "04  grm.  urea. 

3.  A  sta/idard  solution  of  niti-ate  of  mercury. —  Crystallised 
subnitrate  of  mercury  is  dissolved  in  nitric  acid,  and  heated  till 
a  drop  of  the  solution  is  not  precipitated  by  chloride  of  sodium : 
it  is  then  evaporated  to  a  syrup  and  diluted  with  ten  times  its 
volume  of  water.  In  order  to  standardise  this  solution,  10  c.c.  of 
the  chloride  of  sodium  solution  are  mixed  Avitli  3  c.c.  of  the  urea- 
solution,  and  5  c.c.  of  a  cold  saturated  solution  of  sulphate  of 
sodium*  perfectly  free  from  chlorine.  The  mercury-solution  is 
then  added  from  a  burette,  the  mixture  being  continually  agitated, 
until  a  permanent  precipitate  is  produced.  If  the  mercury-solu- 
tion be  too  concentrated,  it  cannot  be  graduated  correctly.  Sup- 
pose for  instance,  7"8  c.c.  ai'e  required  to  produce  the  precipitate, 
the  solution  is  too  concentrated  :  it  must  be  diluted  with  its  own 
volume  of  water,  and  the  experiment  repeated.  If  15-5  c.c.  be 
now  required,  155  vols,  of  the  solution  are  diluted  to  200  vols. : 
when  a  solution  is  obtained,  1  c.c.  of  which  corresponds  to  '01  grm. 
chloride  of  sodium.  (If  any  foreign  metals  are  present  in  the 
mercury-solution,  an  opalescence  may  be  produced  Avhen  it  is  first 
added  to  the  solution  of  chloride  of  sodium  and  urea  :  but  as  this 

*  In  ortlcr  to  remove  the  free  nitric  acid  whicli  is  always  contained  in  the 
mercury  solution  (NO'H  +  SO'Na-  =  NO'Na  +  SO'Nall). 
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is  not  sensibly  increased  by  further  addition  of  the  mercury-solu- 
tion it  is  easily  distinguished  from  the  urea-precipitate). 

Before  the  chloride  of  sodium  in  urine  can  be  determined  by 
means  of  this  solution,  the  phosphates  and  sulf)hates  present  in 
the  urine  must  be  removed :  this  is  done  by  a  mixture  of  2  vols, 
of  a  cold  saturated  solution  of  baryta-water,  and  1  vol.  of  a  cold 
saturated  solution  of  nitrate  of  barium  (which  must  be  free  from 
chlorides  or  hyposulphites),  2  vols,  urine  are  mixed  with  1  vol. 
mixture,  the  precipitate  filtered  off  and  the  alkaline  filtrate  neu- 
tralised with  nitric  acid.  15  c.c.  of  the  filtrate  (=10  c.c.  urine) 
are  taken  for  the  determination  ;  and  the  mercury-solution  is 
added  until  a  permanent  precipitate  is  produced.  Suppose  12*5 
c.c.  mercury-solution  are  required ;  the  amount  of  chloride  of 
sodium  is  0*125  grm. 

In  very  accurate  analyses  the  chlorine  must  be  removed  from 
urine  before  proceeding  to  determine  the  urea  by  the  mercury- 
solution.  This  is  done  by  nitrate  of  silver.  If  2-906  grm.  fused 
nitrate  of  silver  are  dissolved  in  water,  and  diluted  to  100  c.c,  a 
solution  is  obtained  1  c.c.  of  which  corresponds  to  '01  chloride  of 
sodium,  and  therefore  to  1  c.c.  of  the  mercury-solution.  When, 
therefore,  the  volume  of  mercury-solution  corresponding  to  the 
chloride  of  sodium  in  10  c.c.  urine  has  been  determined  above,  the 
addition  of  tte  same  vol.  of  silver-solution  to  another  10  c.c.  of  the 
same  urine  exactly  removes  the  chlorine,  and  the  estimation  of  the 
urea  can  be  pi'oceeded  with  at  once.* 

*  Phosphate  of  sodium,  like  urea,  gives  a  precipitate  with  nitrate,  not  with 
chloride,  of  mercury.  Hence  this  salt  may  be  employed  instead  of  urea  to  de- 
termine the  amount  of  nitrate  in  a  solution  of  nitrate  of  mercury.  Chloride  of 
sodium,  as  we  have  seen,  decomposes  nitrate  of  mercury,  atom  for  atom,  form- 
ing nitrate  of  sodium  and  chloride  of  mercury.  If,  therefore,  1  atom  chloride 
of  sodium  be  added  to  a  solution  of  phosphate  of  sodium,  1  atom  of  nitrate  of 
mercury  is  required  for  its  decomposition,  and  a  permanent  preci])itate  does  not 
appear  till  more  than  1  atom  of  the  latter  is  added.  Similarly,  when  a  solution 
of  pliosphatc  of  sodium  is  precipitated  by  nitrate  of  mercury,  it  requires  1  atom 
of  chloride  of  sodium  for  each  atom  of  nitrate,  to  redissolve  the  precipitate. 
Hence,  by  means  of  a  ciiloride  of  sodium  solution  of  known  strength,  the 
amount  of  nitrate  in  a  solution  of  unknown  strength  may  be  determined  by  the 
proportion  NaCl :  NO'Hg  : :  58 "5  : 162.  The  solutions  required  are: 
1.  A  cold  saturated  solution  of  phosphate  of  sodium  free  from  chlorine. 
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e.  Urea. — This  estimation  depends  upon  the  fact  that  urea  is 
precipitated  by  nitrate  of  mercury,  when  the  nitric  acid  that  is 
formed  by  the  decomposition  of  the  nitrate  is  neutralised  by 
baryta-water  or  carbonate  of  sodium.  The  precipitation  is  com- 
plete as  soon  as  the  supernatant  tluid. contains  mercury,  which  is 
ascertained  by  its  giving  a  distinct  yellow  colour  with  carbonate 
of  sodium.  The  reaction  takes  place  between  1  atom  urea  (=60) 
and  4  atoms  nitrate  of  mercury  (=648):  hence,  theoretically,  0*1 
grm.  urea  requires  TOSO  grm.  nitrate  of  mercury  for  its  complete 
precipitation.  It  is  found,  however,  in  practice  that,  for  0-1  grm. 
urea  1-1Ö8  grm.  nitrate  is  required  in  order  to  produce  the  yellow 
colour  Avith  carbonate  of  sodium  in  dilute  solutions.  The  stan- 
dard solutions  required  are  :  — 

1.  A  solution  of  urea,  containing  4  grm.  urea  in  200  c.c. :  1  c.c. 
contains  "02  grm.  urea. 

2.  A  solution  of  nitrate  of  mercurxj,  10  c.c  of  which  contain 
l"lö8  grm.  nitrate,  and  correspond  to  0-1  gi-m.  urea.  This  is  pre- 
pared by  dissolving  100  grm.  pure  mercury  in  nitric  acid,  heating 
till  nitrous  fumes  are  no  longer  evolved,  evaporating  to  a  syrup, 
and  diluting  with  water  to  1400  c.c.  If  the  solution  be  prepared 
from  crystallised  subnitrate  of  mercury,  it  must  be  standardised  as 
directed  at  p.  265  by  means  of  the  chloride  of  sodium  solution  (B.), 

2.  A  standard  solution  of  chloride  of  sodium  (B). — 20  c.c.  of  a  cold  saturated 
solution  of  rock-salt  arc  diluted  to  5S6'8  c.c.  1  c.c.  (  =  "010852  grm.  chlor,  sod.) 
corresponds  to  "03  prm.  nitrate  of  mercury. 

If  the  mercury-solution  be  too  concentrated,  it  cannot  be  estimated  accu- 
rately ;  it  should  not  contain  more  than  0  3  grm.  nitrate  in  10  c.c.  In  order  to 
determine  the  concentration,  10  c.c.  chloride  of  sodium  solution  are  mixed 
with  4  c.c.  phosphate  of  sodium  solution,  and  the  mercury-solution  added  from 
a  burette  until  a  permanent  precipitate  is  formed.  Supposing  5  c.c.  to  be  re- 
quired, the  mercury-solution  must  be  diluted  with  its  own  volume  of  water. 
10  c.c.  of  the  dilute  mercury-solution  are  then  mixed  with  4  c.c.  phosphate,  and 
the  chloride  of  sodium  solution  added  immediately  from  a  burette  with  continual 
agitation,  until  the  precipitate  is  just  dissolved.  Suppose  12-5  c.c.  are  required. 
In  order  to  control  the  determination  12-5  c.c.  chloride  of  sodium  solution  are 
mi.xed  with  4  c.c.  phosphate,  ana  the  mercury-solution  added  till  a  permanent 
precipitate  is  formed.  Suppose  10-25  c.c.  are  required:  then  by  the  first  experi- 
ment 12-5  c.c.  chloride  of  sodium  solution  correspond  to  10  c.c,  by  the  second  to 
10-25  c.c.  mercury-solution:  hence  10-12  c.c.  mercury-solution  (the  mcau 
between  these  two  numbers)  contain  12-5  x  -03  =  -375  grm.  nitrate  of  mercury. 
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SO  that  10  c.c.  mercury-solution  correspond  to  rather  more  tham 
38*0  c.c.  chloride  of  sodium  solution.  The  mercury-solution,  pre- 
pared by  either  of  these  methods,  closely  approximates  to  the  re- 
quired standard  :  it  must  be  accurately  standardised  by  means  of 
the  urea-solution.  To  10  c.c.  of  the  latter  (=0-2  grm.  urea)  tlie 
mercury-solution  is  added  from  a  burette  until  a  drop  of  the  mix- 
ture placed  on  a  watch-glass  gives  a  distinct  yellow  colour  when 
mixed  with  a  drop  of  carbonate  of  sodium.  Supposing  19*25  c.c. 
mercury  solution  to  be  required  for  this,  every  192-5  vols,  must  be 
diluted  to  200  vols.,  and  the  experiment  repeated :  if  the  yellow 
colour  be  now  produced  with  exactly  20  c.c.  the  solution  is  accu- 
rately standardised. 

For  the  determination  of  urea  in  urine,  2  vols,  urine  are  mixed 
as  before  with  1  vol.  barium-solution,  filtered,  and  to  15  c.c.  of 
the  filtrate  (without  previous  neutralisation)  the  mercury-solution 
added  from  a  burette  until  a  drop  of  the  supernatant  fluid  gives  a 
distinct  yellow  colour  with  carbonate  of  sodium.  The  presence  of 
chloride  of  sodium  interferes  with  the  accuracy  of  the  determina- 
tion, making  the  urea  come  out  too  high :  hence,  in  very  accurate 
analyses  the  urine  must  be  previously  freed  from  chlorine  by  the 
standard  silver-solution,  as  above  directed.  In  ordinary  cases, 
however,  this  is  not  necessary :  for  sufficiently  accurate  results 
are  obtained  by  deducting  2  c.c.  from  the  volume  of  mercuiy-solu- 
tion  employed. 

It  is  found  by  experiments  with  pure  urea-solutions  that,  in 
the  analysis  of  urines  rich  in  urea,  the  yellow  colour  which  marks 
the  end  of  the  reaction  is  produced  by  a  somewhat  smaller  volume 
of  mercury-solution  than  is  actually  necessary  to  precipitate  the 
urea,  so  that  the  result  obtained  is  somewhat  too  low  :  and,  on 
the  other  hand,  when  the  urine  is  poor  in  urea,  a  somewhat 
larger  volume  of  mercury  solution  is  required,  so  that  the  result  is 
somewhat  too  high.  In  order  to  obviate  the  former  source  of 
error,  the  determination  is  repeated  with  another  15  c.c.  of  the 
filtered  urine,  to  which  1  c.c.  water  is  added  for  each  2  c.c.  over 
30  c.c.  of  mercury-solution  employed  in  the  first  determination. 
In  the  latter  case  it  suffices  to  deduct  0*1  c.c.  for  every  5  c.c. 
below  30  c.c.  of  mercury  solution  employed  :  e.  g.  if  25  c.c.  mer- 
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cury-solution  were  employed,  tlie  real  amount  is  taken  at  24'9  c.c. 
=  0-249  grm.  urea. 

A  very  simple  method  for  the  determination  of  urea  is  founded 
on  the  fact  that  urea  is  completely  decomposed  by  a  solution  of 
a  hypochlorite,  all  its  nitrogen  being  evolved  in  the  gaseous 
form:  (probably  according  to  the  equation  CIPN20  +  3C10Na= 
CO-  +  2H-0  +  3ClNa  +  N2).  If  therefore  the  volume  of  nitrogen 
evolved  from  a  given  volume  of  urine  be  observed,  the  amount 
of  urea  is  easily  calculated.  1000  c.c.  nitrogen  at  0°  and  760 
mm.  weigh  1-2609  grm. ;  1  c.c.  weighs  -0012609  grm.  The  weight 
of  nitrogen  evolved  being  thus  determined,  the  corresponding 
weiglit  of  urea  is  given  by  the  proportion  14  :  60  : :  wt.  of  nitro- 
gen :  Avt.  of  urea.  The  determination  is  thus  performed.  A  gra- 
duated tube  of  stout  glass,  closed  at  one  end,  is  about  one- 
third  filled  with  mercury,  a  known  volume  of  urine  introduced, 
and  the  tube  filled  with  a  solution  of  hypochlorite  of  sodium. 
The  mouth  of  the  tube  is  then  closed  tightly  with  the  thumb,  and 
the  tube  inverted  into  a  vessel  of  mercury,  or  into  a  saturated 
solution  of  common  salt.  The  decomposition,  which  commences 
almost  immediately,  is  usually  complete  in  3  or  4  hours  :  during 
which  time  no  attention  is  required.  When  the  evolution  of  gas 
has  quite  ceased,  the  volume  of  nitrogen  enclosed  in  the  upper 
part  of  the  tube  is  read  off,  and  the  calculation  made.  In  very 
accurate  experiments  correction  for  temperature  and  pressure 
must  be  made  :  but  ordinarily  this  is  not  necessary.  In  order  to 
ensure  the  hypochlorite  being  in  excess,  not  less  than  5  or  6  times 
the  volume  of  urine  should  be  employed.  The  results  are  not  ma- 
terially affected  by  the  ammonia  and  uric  acid  ordinarily  present 
in  urine  :  if,  however,  an  undue  amount  of  these  substances  be 
present,  they  should  be  previously  removed  by  heating  the  urine 
with  baryta-water  as  long  as  the  smell  of  ammonia  is  perceptible. 
(Davy.    Phil.  Mag.  [4.],  vii.  385.) 

f.  Ammojiia.  —  20  c.c.  urine  are  introduced  into  a  porcelain 
basin,  over  which  is  placed,  supported  by  a  glass  triangle,  an- 
other basin  containing  10  c.c.  of  the  standard  acid  solution  (36). 
About  10  c.c.  milk  of  lime  are  then  added  to  the  urine,  and  the 
whole  placed  on  a  ground  glass-plate,  covered  with  a  bell -jar,  and 
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allowed  to  stand  for  48  hours.  All  the  ammonia  in  the  urine  is> 
absorbed  by  the  acid,  the  excess  of  which  is  finally  determined  as^ 
in  37. 

g.  Phosphoric  Acid. — The  only  volumetric  method  for  deter- - 
mining  the  phosphoric  acid  in  urine  is  very  complicated  and! 
tedious,  and  does  not  give  very  accurate  results.  It  is  far  simpler  • 
to  estimate  the  phosphoric  acid  by  weight.     The  addition  of 
excess  of  baryta-water  to  urine  precipitates  all  the  phosphoric 
and  sulphuric  acids  as  phosphate  and  sulphate  of  barium.  From 
this  precipitate  the  phosphate  is  dissolved  by  dilute  hydrochloric 
acid,  the  barium  precipitated  from  the  solution  by  sulphuric  acid, 
and  the  phosphoric  acid  from  the  filtrate  by  sulphate  of  magne- 
sium, ammonia,  and  chloride  of  ammonium  (6.  a). 

h.  Other  Constituents. — Sugar  is  estimated  as  directed  in  47. 
Albumen  is  precipitated  by  heating  the  urine,  after  the  addition 
of  a  few  drops  of  nitric  acid.  For  the  detection  of  lactic  acid, 
see  p.  74. 


PAPxT  Y. 


EX.UIINATION  FOR  POISONS  IN  JUDICIAL  INVESTIGATIONS. 
1.  Ilvaiuiiiation  for  Arsenic. 

The  object  of  the  chemist,  when  employed  in  the  detection  of 
arsenic  in  cases  of  poisoning,  is  to  separate  the  arsenic  in  the 
metallic  state,  and  to  pi'oduce  it  as  such  before  the  Court ;  since 
it  is  only  in  that  form  that  the  poison  possesses  properties  so 
decidedly  characteristic  that  it  cannot  possibly  be  confounded 
Avith  any  other  substance. 

The  form  in  which  arsenic  can  be  most  easily  procured,  and  in 
Avhich  consequently  it  is  most  frequently  met  Avith  in  cases  of 
poisoning,  is  that  of  arsenious  anhydride,  commonly  called  ivhite 
arsenic.  It  occasionally  happens  that  this  substance  may  be  found 
undissolved  in  the  stomach,  intestines,  or  vomited  matter,  and 
may  be  separated  by  mechanical  means ;  it  is  ahvays  advisable, 
therefore,  before  proceeding  to  a  chemical  investigation,  to  ascer- 
tain by  careful  examination  whether  any  of  the  poison  can  be 
detected  unchanged  in  the  substances  submitted  for  analysis. 
For  this  purpose  the  substances  to  be  examined  are  spread  out  in 
new  and  clean  porcelain  dishes,  and  turned  over  with  clean  glass- 
rods  ;  or  they  may  be  mixed  with  water,  and  the  lighter  organic 
matter  separated  from  the  heavier  arsenious  anhydride  by  leviga- 
tion.  If  any  white  grains  are  thus  found  which  possess  the  cha- 
racteristic properties  of  arsenious  anhydride  (p.  80),  it  is  only 
necessary  to  reduce  them  to  the  metallic  state  by  means  of  char- 
coal (p.  83),  or  in  a  Marsh's  apparatus  (p.  82). 

It  more  frequently  happens,  however,  that  the  poison  cannot  bo 
detected  or  separated  by  mechanical  means,  but  exists  in  a  state 
of  solution  in,  or  of  intimate  mixture  with,  the  contents  of  the 
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stomach,  &c.  In  this  case  the  problem  consists  in  dissolving  and 
destrojdng  by  appropriate  reagents  the  whole  of  the  organic 
matter  composing  the  contents,  the  vomited  matter,  the  food,  and 
even  the  stomach  and  intestines  themselves.  Until  this  is  done, 
the  detection  of  the  arsenic  is  impossible. 

It  is  of  course  indispensable,  before  proceeding  to  this  opera- 
tion, to  ascertain  by  most  careful  examination  that  no  arsenic  is 
contained  in  any  of  tha  reagents  (sulphuric,  hydrochloric,  and 
nitric  acids,  zinc,  nitre,  chlorate  of  potassium,  potash,  &c.),  or  in 
any  of  the  vessels  employed.  This  is  equally  essential,  whether 
the  reagents  have  been  purchased,  or  prepared  by  the  operator 
himself.  It  is  most  readily  done  by  testing  them  in  a  Marsh's 
apparatus  ;  for  this  purpose  the  chlorate  of  potassium  is  converted 
by  fusion  into  chloride,  the  nitre  and  potash  into  sulphate  by  sul- 
phuric acid.  And  if,  when  all  these  precautions  have  been  duly 
observed,  arsenic  be  found  in  the  body,  it  must  not  be  forgotten 
that  it  may  have  been  introduced  accidentally  by  the  administra- 
tion of  certain  medicines,  such  as  preparations  of  antimony  or 
phosphorus  :  even  sesquihydrate  of  iron,  which  is  frequently 
administered  as  an  antidote,  may  contain  arsenic,  unless  prepared 
with  great  cai*e. 

There  are  several  methods  of  extracting  the  arsenic  in  a  form 
available  for  chemical  analysis,  most  of  which  involve  the  desti-uc- 
tion  of  the  organic  matter  in  which  it  is  contained.  1.  When  the 
substance  is  in  the  form  of  a  paste  (as  in  the  contents  of  the 
stomach  and  the  fnsces),  it  is  gently  heated  and  completely  satu- 
rated with  washed  chlorine,  which  is  evolved  from  binoxide  of 
manganese  and  hydrochloric  acid,  both  of  which  have  been  pre- 
viously tested  for  arsenic.  When  the  mass  is  completely  saturated 
and  bleached,  it  is  heated  nearly  to  boiling,  to  expel  the  excess  of 
chlorine,  and  the  solution,  which  contains  all  the  arsenic,  filtered 
through  paper  free  from  smalt.  2.  The  stomach  and  intestines, 
with  their  contents,  are  cut  into  shreds,  and  dissolved  in  a  porce- 
lain dish  by  as  little  caustic  potash  as  possible  :  the  solution  is 
acidulated  with  dilute  sulphuric  acid,  and  the  coagulated  mass 
treated  with  chlorine,  as  above.  3.  The  organic  matter  is  cut 
into  pieces,  and  treated  with  sufficient  water  to  form  a  thin  paste. 
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and  a  quantity  of  concentrated  liydrochloric  acid,  equal  in  -weight 
to  the  organic  matter,  is  added.  The  whole  is  then  heated  in  a 
water-bath,  stirred  every  few  minutes,  and  chlorate  of  potassium 
(free  from  lead)  gradually  added,  until  a  clear  yellow  solution  is 
obtained.  This  is  heated  for  some  time  longer,  filtered  when  cold 
through  linen,  or  paper  free  from  smalt,  the  residue  on  the  filter 
washed  witli  hot  water  as  long  as  the  washings  have  an  acid  re- 
action, and  the  filtrate  evaporated  on  a  water-bath  to  about  1  lb. 
4.  The  whole  of  the  substances  to  be  examined,  both  solid  and 
liquid,  is  introduced  into  a  large  tubulated  retort,  with  about  an 
equal  weight  of  fused  chloride  of  sodium,  or  rock-salt  in  frag- 
ments :  the  retort  is  connected  with  a  receiver  furnished  tvith  a 
delivery-tube,  which  dips  into  water.  A  quantity  of  sulphuric 
acid  not  suiRcient  to  decompose  all  the  chloride  of  sodium  is 
poured  into  the  retort;  and  when  the  evolution  of  hydrochloric 
acid  has  ceased,  the  contents  of  the  retort  are  heated  to  boiling, 
and  the  chloride  of  arsenic  which  distils  over  is  collected  in  the 
receiver,  whicli  is  kept  quite  cook  Since  the  greater  part  of  the 
arsenic  comes  over  towards  the  end  of  the  operation,  the  distilla- 
tion should  be  carried  as  far  as  possible. 

The  solution  obtained  by  any  of  these  methods  is  poured  into  a 
flask,  and  completely  saturated  with  washed  hydrosulphuric  acid, 
while  it  is  heated  to  about  60°  or  70°,  to  facilitate  the  precipita- 
tion of  the  sulphide  of  arsenic.  After  standing  for  24  hours,  the 
solution  is  poured  off  as  far  as  possible  from  the  precipitate,  which 
is  thrown  upon  the  smallest  possible  filter,  and  washed  with  water 
containing  liydrosulphuric  acid.  The  filtrate,  before  being  thrown 
away,  should  be  again  saturated  with  hydrosulphuric  acid.  The 
precipitate,  which,  even  if  much  arsenic  be  present,  is  generally 
of  a  dirty-greyish  colour  *,  contains  organic  matter,  which  must 
be  removed.  For  this  purpose  the  precipitate  is  dissolved  in 
dilute  ammonia,  or  in  a  concentrated  solution  of  carbonate  of 

*  TIic  precipitate  may  also  contain,  as  sulphides,  any  of  the  metals  which  arc 
precipitated  by  hydrosulphuric  acid  from  an  acid  solution  (antimony,  lead, 
mercury,  copper),  by  which  the  yellow  colour  of  sulphide  of  arsenic  would  be 
disguised.  They  arc  left  undissolved  when  the  precipitate  is  treated  with 
ammonia.    Zinc,  if  present,  will  be  found  in  the  original  filtrate. 
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ammonium,  the  solution  evaporated  to  dryness,  and  tlie  residue 
warmed  with  concentrated  nitric  acid  (free  from  chlorine)  in  a 
porcelain  crucible,  till  it  is  all  dissolved :  the  solution  is  neutralised 
with  caustic  soda  or  cax-bonate  of  sodium,  evaporated  to  dryness, 
and  the  residue  heated  to  fusion.  More  nitrate  of  sodium  may  be 
added  if  necessary  :  when  sufficient  is  pi*esent,  the  heated  residue 
becomes  first  brown,  then  black,  and  finally  fuses  without  detona- 
tion to  a  colourless  liquid.  The  fused  mass,  when  cool,  is  gently 
heated  with  concentrated  sulphuric  acid  till  the  nitric  acid  is 
completely  expelled,  dissolved  in  as  little  hot  water  as  jiossible, 
and  the  solution  introduced  slowly  and  gi-adually  into  a  Marsh's 
apparatus  through  the  funnel-tube.  The  hydrogen  in  the  appa- 
ratus is  evolved  from  zinc  and  sulphuric  acid,  both  previously 
tested  for  arsenic  :  the  latter  is  added  gradually,  to  avoid  too 
great  evolution  of  heat.  Before  introducing  the  arsenic-solution 
the  apparatus  should  be  full  of  hydrogen,  and  the  long  difiicultly- 
fusible  delivery-tube  should  be  heated  to  redness  in  one  spot. 
If,  after  heating  the  tube  for  an  hour,  no  metallic  mirror  is  ob- 
tained, nor  any  metallic  stains  upon  a  fragment  of  porcelain 
depressed  into  the  flame  of  the  kindled  gas,  the  absence  of  ai'senic 
may  be  regarded  as  certain.  If  a  mirror  and  metallic  stains  be 
obtained,  they  must  be  proved  to  possess  the  physical  and  chemical 
properties  of  arsenic  described  at  pp.  82,  83.  If  sufficient  arsenic 
be  present,  it  is  advisable  to  obtain  mirrors  in  different  parts  of 
the  delivery-tube :  the  most  characteristic  of  them  having  been 
selected,  the  portion  of  the  tube  containing  it  is  cut  off,  sealed 
at  both  ends,  and  preserved  for  production  before  the  court. 
When  the  amount  of  arsenic  is  very  small,  it  is  difficult  to  obtain 
satisfactory  proof  of  the  nature  of  the  deposit :  tlie  only  indica- 
tion which  is  perfectly  conclusive  is  the  production  of  a  metallic 
mirror  which  volatilises  when  gently  heated,  and  is  again  depo- 
sited in  the  cool  part  of  the  tube,  at  the  same  time  imparting  to 
the  evolved  gas  the  characteristic  smell  of  garlic. 

If  no  arsenic  be  found  in  the  stomach  and  intestines,  it  may 
have  been  partly  carried  away  in  the  fteces  and  vomited  matter, 
partly  absorbed  into  the  blood,  and  into  those  organs  which  are 
rich  in  blood.    It  is  then  necessary  to  examine  the  liver,  spleen, 
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lungs,  heart,  and  kidneys,  by  sorae  of  the  methods  above  described. 
If  any  urine  be  found  in  the  bladder,  it  should  be  examined  first, 
by  acidulation  with  hydrochloric  acid,  and  saturation  with  hydro- 
sulphuric  acid. 

Wühler  ffives  the  following  method  for  the  extraction  of  arsenic 
as  especially  applicable'  in  cases  when  a  body  is  exhumed  entire 
after  long  interment.  The  whole  of  the  soft  parts  are  treated  in 
a  large  porcelain  dish  with  moderately  strong  nitric  acid,  and 
heated  on  a  sand-bath  Avith  constant  stirring,  until  they  are  con- 
verted into  a  homogeneous  paste.  The  paste  is  neutralised  by 
caustic  potash  or  carbonate  of  potassium,  and  a  quantity  of  nitre 
added  about  equal  in  weight  to  the  organic  matter  operated  upon. 
The  whole  is  evaporated  to  dryness,  with  constant  stirring,  and 
the  residue  introduced  by  degrees  into  a  new  Hessian  crucible, 
heated  to  dull  redness:  in  this  manner  the  organic  matter  is  com- 
pletely destroyed,  and  the  arsenic  converted  into  alkaline  arsenate. 
The  amount  of  nitre  added  must  be  just  enough  to  destroy  all  the 
organic  matter,  and  no  more  :  it  is  advisable  to  ignite  a  small 
portion  of  the  mixture  separately,  and  to  observe  whether  it  is 
quite  white  after  ignition  ;  if  not,  more  nitre  is  required.  The 
ignited  mass  is  then  dissolved  in  as  little  hot  water  as  possible, 
and,  without  filtering,  heated  with  sulphuric  acid  till  all  the  nitric 
and  nitrous  acids  are  expelled.  "When  cool  it  is  stirred  up  with 
cold  water,  and  the  solution  poured  off  from  the  residue,  which  is 
thoroughly  washed.  This  solution  contains  all  the  arsenic  as 
arsenate  of  potassium,  and  is  treated  with  hydrosulphuric  acid  as 
above. 

2.  Examination  for  Phosphorus. 

Only  the  ordinary  phosphorus  is  poisonous ;  its  action  depends 
upon  its  oxidation  into  phosphorous  acid. 

The  best  method  for  the  detection  of  phosphorus  in  cases  of 
poisoning  is  to  distil  the  suspected  substance  in  a  flask  with  water 
and  sulphuric  acid :  the  flask  is  fitted  with  a  delivery-tube  bent 
twice  at  right  angles,  the  end  of  which  dips  into  a  receiver  con- 
taining cold  water,  which  must  be  kept  cool.  The  distillation 
is  performed  in  the  dark.    As  soon  as  the  vapours  arrive  in  the 
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cooled  part  of  the  tube,  a  continual  phosphorescent  light  is  ob- 
served therein,  generally  in  tlie  form  of  a  shining  ring :  at  the 
same  time  globules  of  phosphorus  are  deposited  in  the  receiver. 
In  this  manner  1  part  phosphorus  may  be  detected  in  100,000 
parts  substance.  It  is  essential  to  produce  in  court  the  water 
which  contains  globules  of  phosphorus,  or  which  exhibits  a  phos- 
phorescent light.  To  obtain  the  reactions  of  phosphoric  acid  in 
the  substance  under  examination  is  no  proof  that  phosphorus  has 
been  administered:  for  this  acid  is  contained  in  the  majority  of 
animal  substances  which  are  used  as  food.  Neither  can  any  re- 
liance be  placed  upon  obtaining  the  leactions  of  phosphorous  acid 
in  the  distillate. 

3.  Ex^amination  for  Hydrocyanic  Acid. 

The  characteristic  bitter-almond  smell  of  prussic  acid  is  gene- 
rally perceptible  in  substances  in  which  hydrocyanic  acid  or 
cyanide  of  potassium  are  present,  even  in  very  small  quantities. 
No  certain  conclusion,  however,  as  to  the  absence  of  the  poison 
can  be  drawn  from  the  absence  of  the  smell. 

The  best  method  of  detecting  prussic  acid  in  cases  of  poisoning 
is  to  separate  it  from  the  organic  matter  in  which  it  is  contained  by 
distillation  with  dilute  sulphuric  acid.  This  operation  is  best 
performed  in  a  flask,  the  delivery-tube  of  which  dips  into  a  re- 
ceiver containing  distilled  water,  in  which  the  hydrocyanic  acid 
(if  present)  will  be  completely  condensed.  A  portion  of  the  dis- 
tillate is  neutralised  with  potash,  and  tested  by  a  ferroso-ferric 
salt  and  hydrochloric  acid  :  another  portion  is  tested  by  sulphide 
of  ammonium  and  a  ferric  salt  (p.  41).  If  the  presence  of  hj- 
drocyanic  acid  be  thus  proved,  it  is  still  necessary  to  ascertain 
whether  the  cyanogen  was  contained  in  the  substance  examined  in 
the  form  of  some  non-poisonous  compound  —  e.  g.  ferro-  or  ferri- 
cyanide  of  potassium — from  which  it  would  be  separated  as  hydro- 
cyanic acid  by  distillation  with  sulphuric  acid.  If  tliis  be  the 
case,  the  aqueous  extract  of  the  original  substance  Avill  give  a  pre- 
cipitate of  Prussian  blue  with  a  ferroso-ferric  salt. 

It  must  be  borne  in  mind  that  mixtures  which  do  not  contain 
any  cyanide  occasionally  give  off  hydrocyanic  acid  when  distilled 
with  sulphuric  acid. 
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4.  Examination  for  Poisonous  Organic  Bases. 

The  following  are  the  natural  organic  bases  to  which,  on 
account  of  their  poisonous  properties,  attention  must  be  directed 
in  chemico-legal  investigations,  and  for  whose  detection  a  general 
method  of  proceeding  can,  within  certain  limits,  be  laid  down: 

Nicotine,  C^m^m\  Coniine,  C^Hi^N.  Strychnine,  C-^'H-^N-'O^. 
Brucine,  C^H^eN^O*.  Morphine,  C'^tr^NO^.  Atropine  (datu- 
rine),  C'lP^^NO^.  Htjoscyamine.  Solanine.  Veratrine,  O^'^  H^^ 
N^O».    Colchicine.    Aconitine,  C^m^mO\ 

The  following  are  the  principal  properties  and  reactions  of  these 
substances.  Nicotine  and  Coniine  are  oily  liquids,  which  can  be 
distilled  without  decomposition  :  the  former  boils  at  250°,  the  latter 
at  170^ — 200°.  Tiiey  have  an  olFensive  smell,  which  in  the  case 
of  nicotine  is  first  perceptible  on  the  application  of  heat.  They 
are  readily  soluble  in  alcohol,  ether,  and  acids :  their  salts  are  not 
crystallisable,  are  soluble  in  alcohol,  insoluble  in  ether.  Nicotine 
is  more  soluble  in  water  than  coniine.  The  rest  of  these  bases 
are  solid  bodies,  and  (with  the  exception  of  veratrine,  colchicine, 
and  aconitine)  readily  crystallisable. —  Strychnine  is  very  slightly 
soluble  in  water,  ether,  or  absolute  alcohol :  it  has  an  intensely 
bitter  taste.  When  it  is  treated  with  a  few  drops  of  concentrated 
sulphuric  acid,  and  solid  bichromate  or  ferricyanide  of  potassium, 
or  pei'oxide  of  lead,  added  to  the  mixture,  a  magnificent  blue 
colour  is  produced,  which  changes  gradually  to  purple,  violet, 
and  red  :  the  addition  of  water  changes  the  colour  at  once  to 
red,  and  gradually  to  yellow.  Chlorine  gives  a  white  pre- 
cipitate with  strychnine-salts.  —  Brucine  is  more  soluble  in  water 
than  strychnine;  soluble  in  alcohol,  insoluble  in  ether.  With 
concentrated  nitric  acid  it  gives  a  dark-red  colour,  -which 
on  heating  is  changed  gradually  to  orange  and  yellow:  the 
addition  of  chloride  of  tin  changes  the  yellow  colour  to  intense 
v\o\ei.— Morphine  is  difficultly  soluble  in  water  and  ether,  readily 
in  alcohol  and  alkalis.  With  concentrated  nitric  acid  it  gives 
first  a  blood-red,  then  a  yellow,  colour :  with  a  neutral  solution  of 
ferric  chloride  a  blue  colour,  which  changes  to  green  and  brown : 
with  iodic  acid  and  starch  paste,  blue  iodide  of  starch.  —  Atrojnne 
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(daturine)  and  Hyoscyamine,  when  applied  to  the  eye  of  a  cat, 
produce  strong  dilatation  of  the  pupil :  they  are  soluble  in 
water,  alcohol,  and  ether,  forming  alkaline  solutions. — Solanine  is 
difficultly  soluble  in  water,  alcohol  and  ether :  it  is  coloured 
yellow  by  concentrated  nitric  or  hydrochloric  acid  ;  by  sulphuric 
acid,  first  yellow,  then  violet  and  brown —  Veratrine  excites  violent 
sneezing:  it  is  difficultly  soluble  in  water,  readily  in  alcohol  or 
ether:  sulphuric  acid  colours  it  first  yellow,  then  a  fine  carmine- 
red  :  concentrated  hydrochloric  acid  dissolves  it,  forming  a  deep 
violet  solution.  —  Colchicine  is  soluble  in  water,  alcohol,  and 
ether  :  sulphuric  acid  colours  it  brown-yellow  ;  nitric  acid,  blue  or 
violet,  changing  to  olive-green  and  yellow. — Aconitine  is  tolerably 
soluble  in  boiling  water,  forming  a  strongly  alkaline  solution  ; 
readily  soluble  in  alcohol,  less  so  in  ether.  Nitric  acid  dissolves 
it  without  change  of  colour :  sulphuric  acid  colours  it  first  yellow, 
then  violet.  Like  atropine,  it  produces  dilatation  of  the  pupil. — 
All  these  bases  in  a  not  too  dilute  hydrochloric  acid  solution  give 
yellow  precipitates  with  terchloride  of  gold,  bichloride  of  platinum, 
and  phosphomolybdic  acid ;  and  white  precipitates  with  chloride  of 
mercury.  Most  of  them  are  precipitated  white  by  tannic  acid, 
brown  by  solution  of  iodine. 

The  simplest  method  for  the  separation  of  these  bases  from  the 
organic  matters  which  are  usually  submitted  to  analysis  in 
chemico-legal  investigations,  is  that  proposed  by  Sonnen  schein 
(Ann.  Ch.  Pharm,  civ.  45).  The  reaction  upon  which  this  me- 
thod of  separation  is  founded  is  the  precipitation  of  these  sub- 
stances from  an  aqueous  acid  solution  by  phospJiomolybdic  acid. 
This  reagent  is  thus  prepared.  The  yellow  precipitate  obtained 
by  adding  phosphate  of  sodium  to  molybdate  of  ammonium  is 
well  Avashed,  suspended  in  water,  and  heated  with  carbonate  of 
sodium  till  it  is  completely  dissolved.  The  solution  is  evaporated 
to  dryness,  and  the  residue  ignited  till  all  ammonia  is  expelled :  if 
any  reduction  of  molybdic  acid  take  place,  the  residue  is  moistened 
with  nitric  acid,  and  again  ignited.  It  is  then  heated  with  Avater, 
nitric  acid  added  till  the  solution  has  a  distinctly  acid  reaction, 
and  the  gold-yellow  solution  thus  obtained  diluted  till  10  parts 
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solution  contain  1  part  solid  residue.  It  must  be  carefully  pre- 
served from  contact  with  ammonia. 

The  following  is  the  process  for  the  extraction  of  the  bases. 
The  whole  of  the  organic  matter  to  be  examined  is  repeatedly 
exhausted  with  very  dilute  hydrochloric  acid:  the  extract  is  eva- 
porated at  a  heat  of  30°  to  the  consistency  of  a  thin  syrup,  then 
diluted,  and  left  for  some  hours  in  a  cool  place  before  filtration. 
The  filtrate  is  precipitated  by  excess  of  phosphomolybdic  acid, 
filtered  off,  thoroughly  washed  with  Avater  containing  phosphomo- 
lybdic and  nitric  acids,  and  introduced  while  moist  into  a  flask. 
Caustic  baryta  is  added,  to  a  distinct  alkaline  reaction :  and  the 
flask  having  been  fitted  with  a  delivery-tube  which  is  connected 
with  a  bulb-apparatus  containing  hydrochloric  acid,  heat  is  gradu- 
ally applied,  when  the  ammonia  and  volatile  organic  bases  distil 
over,  and  are  collected  in  the  hydrochloric  acid.  The  residue  in 
the  flask  (containing  the  non-volatile  bases)  is  freed  from  excess 
of  baryta  by  a  current  of  carbonic  anhydride,  carefully  evapo- 
rated to  dryness,  and  extracted  with  strong  alcohol.  On  evapo- 
rating the  alcoholic  solution,  the  bases  are  commonly  obtained  in 
a  state  of  such  purity  that  they  will  at  once  exhibit  their  cha- 
racteristic reactions  :  occasionally,  however,  they  require  to  be 
further  purified  by  recrystallisation  from  alcohol  or  ether. 

In  some  cases — e.g.  in  examination  for  strychnine  in  large  quan- 
tities of  liquid — it  is  advantageous  to  employ  animal  charcoal, 
which  possesses  the  property  of  absorbing  several  organic  bases. 
The  liquid  is  left  for  a  day  in  contact  with  good  animal  charcoal, 
being  frequently  agitated  with  it :  the  charcoal  is  collected  on  a 
filter,  thoroughly  washed,  and  boiled  with  alcohol,  which  dis- 
solves out  the  base. 

The  facts  elicited  by  the  judicial  investigation  will  generally 
afford  a  clue  to  the  particular  poison  which  is  especially  to  be 
looked  for.  The  reactions  obtained  should  always  be  controlled 
by  careful  comparison  with  those  exhibited  by  a  pure  specimen 
of  the  substance  whose  presence  is  suspected. 
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Sym. 

Element. 

At  wt. 

Al. 

Aluminium . 

13-6 

Sb. 

Antimony  . 

120 

-rt.isenic 

Ba. 

Barium 

68-6 

"r; 

X)l. 

Bismuth 

208 

B. 

Boron 

14-0 

Br. 

Bromine 

80 

Cd. 

C;i  rimi  iim 

Ca. 

Calcium 

20 

u. 

Carbon 

12 

Ce. 

Cörium  .  , 

46 

CI 

(  Üi  1  nrm  A 

oo  o 

Cr. 

Chromium  . 

26-2 

Co. 

Cobalt 

30 

Cu. 

Copper 

31-7 

XJlm 

Tl  1  /  I  ^'  TYl  111 

4(5 

iiiruiuiii  .          •  • 

F. 

Jb  luonne 

19 

G. 

Glucinum  or  Beryllium 

4-7 

Au. 

Gold  . 

196 

PL 

Hydrogen  . 

1 

I. 

Iodine 

127 

Ir. 

Iridium. 

98-6 

Fe. 

Iron  . 

28 

La. 

Lanthanum 

4G 

Pb. 

Lead  . 

103-5 

Li. 

Lithium  . 

6-Ö 

Mg. 

Magnesium . 

12 

Mn. 

Manganese  . 

26 

Sym. 

Element 

At  wt. 

Her 

Mercury 

100 

Mo. 

JMohbdeuum  . 

48 

Ni. 

Nickel 

29 

Nb. 

Niobium  or  Columbiura 

N. 

Nitrogen 

14 

Os. 

Osmium 

100 

0. 

Oxygen 

16 

Pd. 

Palladium 

53 

P. 

Phosphorus 

31 

Pt. 

Platinum 

99 

K. 

Potassium  . 

39 

Rh. 

Rhodium 

52 

Ku. 

Ruthenium 

52 

Se. 

Selenium 

79 

Si. 

Silicinm 

Ag. 

Silver 

108 

Na. 

Sodium 

23 

Sr. 

Strontium  . 

43-9 

S. 

Sulphur 

32 

Ta. 

Tantalum 

137-6 

Te. 

Tellurium 

128 

Tr. 

Terbium 

Th. 

Thorium. 

59-5 

Sn. 

Tin  . 

118 

Ti. 

Titanium 

50 

U. 

Uranium 

60 

V. 

Vanadium 

68-5 

W. 

Wolfram  or  Tungsten 

92 

Y. 

Y'ttrium 

35 

Zn. 

Zinc    .        .  . 

32-5 

Zr. 

Zirconium 

22-4 

INDEX. 


Page 

Abel,  valuation  of  nitre  .  .260 
Acetate  of  lead,  anal,  of      .       .  206 

Acetic  acid  (36 

ether     ■    .       .       .  .67 

Acetone  66 

Acidimctry  .    by  wt.  234,  by  vol.  245 
Acid  reaction       ....  5 
Acids,  anhydrous         ...  5 
basicity  of .       .       .  .6 
definition  of      .       .  .5 
examination  for        .  .199 
Aconitine     ....  277,  278 

Agate  50 

Albumen,  detection  in  urine,  &c.  261,270 
Alkalimetry  .   by  wt.  234,  by  vyl.  243 
Alkaline  earths     .       .       .  .177 
Alkaline-earthy  metals .       .  .177 
metals    ....  185 
Sep.  from  magne- 
sium      .       .  184 
reaction        ...  5 
waters    ....  228 
Alloys,  antimony  and  lead,  anal,  of  215 
copper  and  tin,  anal,  of  .212 
zinc,  anal,  of  .  212 
and  nickel, 
anal.  of.  213 
silver  and  copper,  anal,  of  .214 
and  gold, 
anal,  of  214 
tin  and  lead,  anal,  of       .  215 
and  bismuth, 
anaL  of  .215 
Alum  .       .       .       •       .164,  185 
Alumina      .       .        .       .  .164 

Aluminium  163 

salts  .  .  .  .164 
sep.  and  Cstim.  of,  165,  220 
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Alum niuim,  sep.  from  u'on   ,  1G5, 

Page 

221 

pno!5})lionc 

acid  . 

61 

Amalgams  ..... 

122 

estim,  01  mercury  lu 

127 

Amblygonite       .       .       .  . 

TOO 

188 

Ammonia     .       .       .       .  . 

190 

iviiinioiiiuiii          .       •       .  . 

1  Qn 
I  yu 

nyciraie  oi         .  . 

ion 

lyu 

salts  .... 

190 

Sep.  and  estim.  of 

19 1 

Analysis,  qualitative 

1 

course  of 

192 

quantitative  . 

1 

by  wt.  and  vol. 

241 

examples  for . 

202 

Anatase  

170 

Anhydrides  

5 

Anhydrite  

181 

Anorthite,  anal,  of       .       .  . 

222 

Anthracite  ..... 

11 

Antimonic  acid  and  anhydride 

90 

oxide  .       .       .  . 

88 

Antimonide  of  hydrogen 

89 

Antimonites  ..... 

88 

Antimonous  anhydride . 

88 

Anthnony  

88 

estim.  of      .       .  94, 

216 

intermediate  oxide  of  . 

91 

oxides  of,  distinction  from 

each  other 

91 

sep.  from  arsenic  . 

93 

and  tin 

98 

tin 

97 

sulphides  of  . 

92 

Apocrenic  acid  .... 

232 

Apyritc  

47 

Aqua-rcgia  

8 
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Page 

Arrflgonite  ..... 

181 

Bismuthic  oxide  .... 

128 

Arsenic 

80 

salts  .... 

128 

estim  of  88 

216 

Bitter-spar,  anal,  of      .       .  . 

209 

CA.IIII1.  IUI  111  JLlUlClUi  lUVCo* 

Black  lead  

11 

LlliitLKJlJo             •             •  • 

—  /  1 

Bleaching  powder 

28 

iJ*    iiUili    <XlLHLH\Jlij       •  ■ 

93 

valuation  of  29, 

245 

Q  n  f  1  fin 

Q8 
JO 

Blowpipe  

2 

tin 

97 

Bloxara,  valuation  of  nitre 

260 

Riilnhiflp«;  of                fil  R4 

86 

Bone-earth   .       .     181 ;  anal,  of  224 

ooiH  Qtirl  nnnvrlfiMO 

di^lLl  (ilK-i            Y  ul  ILIC    •  • 

Boracite  ..... 

47 

CoLllXl*  \Jl        •              •  • 

Borates  ..... 

48 

ocp*    ilUiXl  iJllUopiiUI 

Borax  

48 

21L1U.           •            •  • 

8*^ 

Boric  acid  and  anhydride     .  . 

47 

ovirlo. 

84 

Boron 

47 

Arsenide  of  hydrogen  . 

82 

estimation  of     .       .  . 

49 

nickel,  anal,  of  .  143, 

216 

Bournonite  .       130;  anal,  of  93, 

220 

ALTsenious  acid  .... 

81 

Brass,  anal,  of      ...  . 

212 

anhydride,  oxide  . 

80 

Braunite  ..... 

149 

vol.  estim.  of  250 

Bromates  ..... 

32 

Ashes,  anal,  of  . 

226 

Bromic  acid  ..... 

32 

Atomic  weights  .... 

280 

Bromides  ..... 

30 

Atropine  ..... 

277 

Bromine  ..... 

30 

Augite,  anal,  of    .       .       .  . 

224 

detection  of  in  organic 

Auric  oxide  

100 

compounds 

33 

Aurous  oxide  .... 

100 

estim.  of       .       .  . 

38 

Axinite  

47 

sep.  of  from  chlorine  and 
iodine 

37 

Bab 0,  test  for  arsenic  . 

87 

Bronze,  anal,  of  . 

212 

Barium  ..... 

178 

Brookite  

170 

hydrate  of      .       .  . 

178 

Brown,  vol.  estim.  of  copper 

253 

oxide  and  salts  of 

178 

Brucine  ..... 

277 

sep.  and  estim.  of    .  179, 

208 

Buns  en,    distinct,  of  oxides  of 

Baryta .       .       .  . 

178 

antimony  from  each 

Baryta- water       .       .       .  . 

178 

other 

91 

Bavarian  tantalitc 

173 

sep.  of  arsenic  from 

Bell-metal,  anal,  of      .       .  . 

212 

antimony 

93 

Benzine  

69 

estim.  of  antimony  94, 

216 

Benzoic  acid,  benzoates 

69 

prep,  of   ceroso -eerie 

Berth ier,  sep. of  zirconium  from 

oxide 

169 

glucinum  

167 

comp,  of    „  „ 

170 

Beryl,  anal,  of      ...  . 

167 

vol.  estim.  by  iodine 

Beryllium     .       .       .       ,  . 

166 

and  reducing  agents  253 

Berzelius  (palladium,  rhodium) 

Burettes  

242 

136, 

137 

Biacid  phosphates 

57 

Cadmic  oxide      .       .       .  . 

133 

Bibasic  acids       .       .       .  . 

6 

SültS           •          •         •  • 

133 

Bismuth       .       .       .       .  . 

128 

Cadmium  

133 

distinction  of  from  anti- 

sep. and  estim.  of  134 

211 

mony  .       .       .  . 

128 

Calamine  

158 

sep.  and  estim.  of    .  129, 

215 

Calcium  

181 

telluride  of,  anal,  of 

113 

chloride  of     .       .  . 

181 

Bismuthic  anhydride 

129 

hydrate  of     .      .  . 

181 

INDEX. 
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PaRc 

Calcium,  oxide  and  salts  of  .      .  181 
sep.  and  estim.  of  182, 204, 208 
Calc-spar,  anal,  of       .       .       .  204 

Calomel  123 

Cameleon  .  247  ;  preparation  of  257 
Cancrinito  .....  55 
Cane-sugar,  cstini.  of   .       .       .  261 

Carbon  11 

hydrides  of      .       .  .14 
and  oxygen  in  carbonates, 
estim.  of       .       .       .  205 
Carbonate  of  sodium,  estim.  of  in 

alkaline  waters  .       .       .  .231 
Carbonates  .    .   12  ;  valuation  of  234 
Carbonic  acid       .       .      .  .12 
estim.  of .       .  13,233 
anhydride      .       .  .12 
oxiile     .       .       .  .14 
CartmcU,  blowpipe- test  for  po- 
tassium   .       .       .       .  .187 
Cast-iron,  anal,  of       .       .  .157 
Celestine     .       .     179  ;  anal,  of  208 
Ceric  oxide  and  salts    .       .  .169 
Cerite  .       .       .168;  anal,  of  169 
Cerium        .       .       .       .  .168 
Sep.  and  estim.  of     .       .  169 
Ceroso-ceric  oxide       .       .  169,  170 
Cerous  oxide  and  salts  .       .  .169 

Ceruse  118 

Chalcedony  50 

Chalybeate  waters  .  .  .  229 
Chancel,  sep.  of  aluminium  from 

iron       .       .  .165 
test  for  chromium       .  176 
Chili  saltpetre      ....  187 
Chlorates,  chloric  acid  .       .  .27 
Chloride  of  lime  .       .       .  .28 
valuation  of  29, 245, 2 5 1 
sodium,  anal,  of  .       .  203 
cstini.  of  in  urine  265 

Chlorides  25 

vol.  estim.  of  soluble     .  256 

Chlorimetry  245 

Chlorine  24 

detection  of  in  organic 

compounds .  .  .30 
estim.  of  38,  203,  245,  251 
peroxide  of  .  .  .28 
sep.  from  bromine  and 

iodine .       .       .  .37 
water     .      .      .  .25 
Chlorites  28 


Page 

Chlorochromic  acid      .       .    26,  175 
Chloroplatinatcs   .       .       .  .103 
Cldorous  acid  and  anhydride       .  28 
Chromates  .    175  ;  vol.  estim.  of  252 
Chrome-iron-orc  .     173;  anal,  of  175 
oelire      .       .       .  .173 
yellow     .     119;  anal,  of  176 
Chromic  acid  and  anhydride        .  174 
oxide  and  salts      .       .  1 74 
Chromium   .       .       .       .  .173 
oxide  of      .       .  .174 
sep.  and  estim.  of       .  176 
Cinnabar     .       .       .       .    15,  122 
mercuric  oxide  and  red 
lead,  anal,  of     .  .126 
Citrates,  citric  acid      .       .  .72 
Claudct    (cobalt)     .       .  .147 

Clay  163 

Clay-slate,  decomp.  of  .       .  .54 
Clinkstone    „     „       .       .      .  54 
Cobalt  ......  144 

distinction  from  nickel  145,  146 
protoxide  of     .       .  .144 

salts  145 

sep.  and  estim.  of  .  .147 
sesquioxide  of  .  .  .147 
Cobalt-glance  .  144  ;  anal,  of  216 
Cobalticyanide  of  potassium  .  .  44 
Cobalt-spciss,  anal,  of  .  .  .216 
Coins,  anal,  of  .  .  .  101,  204 
Colchicine    ....  Ö77,  278 

Columbite  173 

Columbium  173 

Condcnsible  gases        .       .  .12 

Coniine  277 

Copper  130 

protoxide  and  protosalts  of  130 
sep.  and  estim.  of     .  132,  202 
suboxide  and  subsalts  of  .  130 
vol.  estim.  of   .       .       .  253 
Copper-glance      .       .       .  .130 
nickel  .  141  ;  anal,  of  143,  216 
pyrites  .    .    130  ;  anal,  of  210 
Corrosive  sublimate     .       .  .122 
Course  of  qualitative  analysis      .  192 

Crcnic  acid  232 

Cryolite  45 

Cubic  centimetre  ....  242 

Cupcllation  121 

Cupric  oxide  and  salts  .  .  .  131 
Cuprous  „  „  .  .  .130 
Cyanatcs,  cyanic  acid  .      .  .41 
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Cyanides 

double 

Cyanite 
Cyanogen 
Cyanuric  acid 
Cymophane  . 


Page 
38—41 
39,  43 
.  54 
.  38 
.  42 
.  54 


Datolite  47 

Daturine  ....  277,  278 
Davy,  estim.  of  urea  ,  .  .269 
De  bray  (glucinum)  .  .  .160 
Diabetic  sugar,  estim.  of      .  .260 

Diamond  11 

Didymium  168 

oxide  and  salts  of  .  168 
Sep.  and  estim.  of  .  168 
Dithionic  acid  ,  .  .  .23 
Dithionous  acid  .  .  .  .22 
Döbc reiner,  sep.  of  palladium 

from  copper  .  .  .  .136 
Dolomite  .  .  13 ;  anal,  of  209 
Double  cyanides  .  .  .  39,  43 
Dry  way,  employment  of  reagents 

in  2 

Earths  163 

Earthy  metals      .       .       .  .163 
phosphates,  anal,  of  .       .  235 
appearance  of 
in  Group  II.  198 


Ebelmcn  (titanium) 
Emerald,  anal,  of 
Epidot,  anal,  of 
Erbia  . 
Erbium 
Euchlorinc  . 
Euclase,  anal,  of 
Eudiometry  . 
Examination  for  acids  . 

metals 


171 
167 
224 
168 
168 
27 
167 
7 

199 
195 


Fahl-ore       .       .    130;  anal,  of  218 
Fehling,  estim.  of  sugai'    .       .  262 
Felspar,  anal,  of   .       .       .  .222 
Ferric  acid  and  anhydride    .  .156 
Ferric  oxide  and  salts  .       .  .155 
detection  of  in 
presence  of 
ferrous  salts  156 
Ferricyanides      .       .       .  .43 
Ferrocyanide  of  potassium,  anal,  of  241 
Ferrocyanides      .       .       .  .43 


Ferroso-fcrric  oxide 
Ferrous  oxide  and  salts 
F 1  e  i  t  m  a  n  n  (phosphates) 
Flint  .... 
Fluoboric  acid 
Fluorides 
Fluorine 

estim.  of  . 
Fluor-spar  . 

Fluosilicatcs,  fluosilicic  acid 
Formates,  formic  acid  . 
F  own  es,  anal,  of  earthy  pi 

phates 
Fractional  saturation 
Fremy  (osmium,  platinum-r 

dues)  .... 
Fresenius,  test  for  arsenic 

valuation  of  nitre 
Fritzs  che  (osmium)  . 
Fulminic  acid 
Fumaric  acid       .  . 
Fusible  metal,  anal,  of  . 
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.  156 
.  153 
.  63 
.  50 
49,  56 
.  45 
.  45 
17,  226 
.  46 
.  55 
.  68 

lOS- 

.  235 
.  67 

esi- 

139,  240 
87 
260 
132 
42 
73 
215 


Gadolinite  .  .  .  .  .168 
Galena  .  15,  116;  anal,  of  118 
Gallic  acid  .  .  .  .  .7+ 
Garnet  .  .  52;  anal,  of  224 
Gay  Lussac,  valuation  of  nitre  260 
Gerhardt,  def.  of  acids  .  .  5 
homologous  bodies  .•  67 
Gei-man  silver,  anal.  of.  .  .213 
Glass  .       .       .       52;  anal,  of  223 

Glucina     •  166 

Glucinum     .       .       .       .  .166 
salts      .       .       .  .166 
Sep.  and  estim.  of  .  .167 
Glucose,  estim.  of.       .       .       .  260 
G  m  e  1  i  n  (selenic  acid)        .  .114 

Gold  100 

detection  of  in  silver  coins  .  101 
protoxide  of  .  .  .100 
Sep.  and  estim.  of  .  .101 
teroxide  of  .  .  .  .100 
Gold  coins,  anal,  of  .  .  .214 
Gramme      .       .  .       .  229 

Gramme-atom  ....  243 
Grape-sugar,  estira.  of  .       .       .  260 

Graphite  11 

Groups        .       .       .       .      2,  77 
Gun-metal,  anal,  of     .      .  .212 
.     181;  anal,  of  208 


Gypsum 
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Hfematite,  red  and  brown  .  .153 
Hardness  of  water,  estim.  of  .  •  262 
Hausniannitc  .  .  .  .149 
Haiiyne  .  .  .  .  .55 
Heavy  spar  .  .  178;  anal,  of  208 
Hcnneberg  (phosphates)  .  .  63 
Homologous  bodies  .  .  .67 
Hornblende  .  .  45;  anal,  of  224 
Horn -silver  .  .  .  .  .120 
Hnniic  acids  .  .  ,  .228 
Hyalite  .  *  .  .  .  .50 
Hydriodic  acid  .  " .  .  .33 
Hydrobroniic  acid  .  .  .30 
Hydrocarbons  .  .  .  .14 
Hydrochloric  acid  .  .  .25 
Hydrocyanic  acid .  .  .  .38 
vol.  estim.  of  .  257 
examination  for 
in  judicial  in- 
vestigations .  276 
Hydrofluoric  acid .       .       .  .45 

Hydrogen  77 

antimonide  of      .  .89 
arsenide  of  .       .  .82 
estim.  of      .     78,  206,  207 
oxide  of       .       .  .78 
phosphide  of        .       .  56 
Hydroselenic  acid        .       .  .115 
Hydrosulphates    .       .       .  .16 
Hydrosulphuric  acid     .       .  .15 
estim.of  17,  230,  251 
Hydrotclluric  acid       .       .  .112 
Hyoscyaminc       .       .       .  277,  278 
Hypochloric  acid  .       .       .  .28 
Hypochlorites,  hypochlorous  acid  .  28 
Hypochlorous  anhydride      .       .  28 
Hyponitric  acid    ....  9 
Hypophosphites,  liypophospliorous 

acid  ..... 
Hyposulphates 

Hyposulphite  of  sodium,  vol.  estim 

by  

Hyposulphites 
Hyposulphuric  acid 
Hyposulphurous  acid  . 

Idocrasc,  anal,  of  . 
Incineration  of  filters  . 
lodates,  iodic  acid 


dates 


Iodides 


Tape 

Iodides,  vol.  estim.  of  iodine  in      .  254 

Iodine  33 

detection  of  in  organic  com- 
pounds .  .  .  .37 
e-stim.  of  .  .  .  37,  228 
sep.  from  chlorine  and  bro- 
mine .  .  .  .37 
vol.  estim.  of  .  .251,  254 
standard  solution  of  .  .  250 
starch-paper      .       .       .  250 

Iridium  104 

oxides  of .  .  .  .104 
sep.  from  platinum  .       .  238 

Iron  153 

magnetic  oxide  of  .  .156 
protoxide  and  protosalts  of  .  153 
scale  oxide  of  .  .  .156 
sep.  and  estim.  of  .  .157,  203 
sesquioxide  and  sesquisalts  of  155 
vol.  estim.  of  .  .  .257 
Iron-pyrites  .  .  .  .  .153 
scoriae,  anal,  of     .       .  .157 


Kakodyl  .... 
Kalium  .... 

Labradorite,  anal,  of 
Lactates,  lactic  acid 
Lanthanous  salts  . 
Lanthanum  .... 
oxide  of 

sep.  and  estim.  of 
Laughing  gas 

Lead  ..... 
bin  oxide  of,  puce  oxide 
oxide  of       .       .  . 
salts  .... 


67,  83 
.  185 


222 
74 
169 
168 
169 
16S 
11 
116 
118 
116 
116 


sep.  and  estim.  of    119,  206,  215 


.  65 

Lepidolitc,    .       .    188  ;  anal,  of  189 

.  23 

Lieb  ig,  sep.  of  nickel  and 

cobalt  143 

. 

Light  carburettcd  hydrogen 

.  14 

.  253 

Lime  .... 

.  181 

.  22 

slaked  . 

.  181 

.  53 

Lime-stone  . 

.  181 

.  22 

water  . 

.  181 

Lithia  .... 

.  188 

.  224 

Lithium 

.  188 

.  202 

hydrate  of 

.  188 

.  36 

oxide  and  salts  of 

.  188 

- 

sep.  and  estim.  of 

.  189 

.  37 

Litmus .... 

5 

.  33 

Litre  .... 

.  243 
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Magnesia     .       .       •  . 

Maguesiura  .       .       .  . 

oxido  and  salts  of 
Sep.  and  estim.  of 

Magnetic  iron-oi'e 

oxide  of  iron 

Malachite    .       .       .  . 

Malates  .... 

Malcic  acid  .... 

Malic  acid  .... 

Manganates  .... 

Manganese  .       .       .  . 


Page 
.  183 
.  182 
.  183 
184,  205 
.  153 
.  156 
.  130 
.  73 
.  73 
.  72 
.  151 
.  U'J 
.  150 
.  149 
210 
150 


152. 


binoxide  of 
protoxide  of 
sep.  and  estim.  of 
sesquioxide  of  . 
Manganese-ores,  141  ;  valuation  of  235 
vol  urn.  do.  247 
Manganic  acid  and  anhydride      .  151 
oxide  and  salts     .       .  1 50 
Manganoso-manganic  oxide  .149 
Manganous  oxide  and  salts  .  .149 

Marble  181 

Marign  ac  (cerium,  &c.)    .       .  170 
Marsh,  test  for  arsenic  and  anti- 
mony      .       .       .       .      82,  89 

Marsh  gas  14 

Meconic  acid  .  .  .  .73 
Mercuric  nitrate,  estim.  of  .  .206 
Mercuric  oxide  and  salts  .  .123 
Mercurous  oxide  and  salts    .  .122 

Mercury  122 

protoxide  and  protosalts  of  123 
scp.  and  estim.  of   .  125,  219 
suboxide  and  subsalts  of  .  122 
Mesotype,  anal,  of       .       .  .220 

Metals  77 

examination  for        .  .195 
Group  I.  Subdivisions  A.  B.  79 
II.  Subdivision  A,  140 
„          B.  163 

III  177 

IV  185 

Metantimonic  acid  .  .  .90 
Metaphosphoric  acid  .  .  .62 
Mctastannic  acid  .  .  .  95, 96 
Meteoric  iron       .       .       .  .141 

Mica  45 

Microcosmic  salt  .  .  .  .26 
Milk,  anal,  of  .  .  .  .262 
Milk-sugar,  estimate  of  .  .  260 
Mineral  water,  anal,  of       .  .228 


Page 

Minium  118 

Möhr  (vol.  anal.)  242,  247,  248,  252, 

253,  258,  26u 
Molybdate  of  lead  .  106  ;  anal,  of  108 

Molybdates  107 

Molybdenite,  anal,  of   .       .  .108 
Molybdenum       .       .       .  .106 
binoxide  of,  brown 

oxide  .       .       .  106 
blue  oxide  of  .  .106 
protoxide  of   .  .106 
sep.  and  estim.  of  .  108 
Molybdic  acid  and  anhydride       .  107 
oxide    .       .       .  .106 
salts     .       .       .  .107 
Molybdous  oxide  and  salts  .  .106 
Monacid  phosphates     .       .  .57 
Monacite     .       .       .       .  .167 
Monobasic  acids  .       .       .       .  6 

Morphine  277 

Müller,  anal,  of  triphylline  .  189 
Murexide  75 


Natrium  .... 

Natrolite,  anal,  of 

Nessler,  test  for  ammonia  . 

Nickel  .... 
arsenide  of,  anal,  of  . 
protoxide  and  salts  of 
sep.  and  estim.  of 
se.squioxide  of  . 

Nickel-ochre 

speiss,  anal,  of  . 

Nicotine  .... 

Niobic  acid  and  anhydride  . 

Niobium  .... 

sep.  and  estim.  of  . 

Niobous  acid  and  anhydride  . 


.  187 
.  220 
.  191 
.  141 

143,  216 
.  141 

143, 213 
.  142  • 
.  141 
.  216 
.  277 
.  1 73 
.  173 
.  173' 
.  173 


Nitrate  of  mercury,  estim.  of  .266 
Nitrates,  nitric  acid      ,       .       .     7 ' 
estim.  of       9,  259 
Nitre   .       .       185;  valuation  of  259  ■ 
Nitric  oxide .       .       .       .       .    11 , 

Nitrites  10 1 

Nitrogen  7" 

detection  of  in  organic 

compounds  .       .       .     7 ' 
peroxide  of    .       .       .     9 ' 
Nitroprusside  of  sodium       .  17,44; 

Nitrous  acid  10 

anhydride  .  .  .9) 
oxide       .       .       .  .11' 
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Non-metallic  elements  . 
Non-volatile  organic  acids 
Normal  suits 
Nosean 


Page 

.  5 
,  70 
6 

.  55 


Olefiant  gas  14 

Olivine.       .       .     141 ;  anal,  of  222 

Opal  50 

Organic  acids       .       .       .      14,  65 
non-volatile     .       .  70 
volatile    .       .  .66 
analysis  ....  207 
bases,  examination  for  in 

judicial  investigations  .  277 
matter,  detection  of  .       .  192 

Orthite  168 

Osmic  acid  and  anhydride    .  .139 

oxide  138 

Osmide  of  iridium        .       .  138,  239 
Osmite  of  potassium     .       .       .  139 
Osmium       .       .       .       .  .138 
binoxide  of     .       .  .138 
Sep.  and  estim.  of   .  .139 

Oxalic  acid  70 

standard  solution  of  .  243 
Oxygen    6 

Piüladium  135 

oxide  of  (palladous  oxide)  135 
sep.  aud  estim.  of  .       .  135 
Paracyanogen      .       .       .  ,38 

Pelopium  173 

Pel ouze,  valuation  of  nitre  .       .  259 
Perchlorates,  perchloric  acid        .  26 
distinction  from  chlo- 
rates   .       .  .27 

Periodatcs  36 

Periodic  acid  .  .  .  .35 
Permanent  gases  .  .  .  .12 
Permanganate  of  potassium  .  247,  257 
Permanganates  .  .  .  .151 
Permanganic  acid  and  anhydride  .  151 
Peroxides,  vol.  estim.  of  .  .  252 
Pctalite        .       .      188;  anal,  of  189 

Petroleum  185 

Pewter,  anal,  of  .  .  .  .215 
Phenacite,  anal,  of  .  .  .167 
Phosphate  of  sodium,  anal,  of  .  205 
Phosphates  (monacid,  biacid)  .  57 
Phosphide  of  hydrogen  .  .  56 
Phosphides  .       .       .  .56 

Phosphites  .       .       .  .64 


Tage 

Phosphomolybdic  acid,  prep,  of  .278 
Phosphoric  acid   .       .       .  .57 
sep.  and  estim.  of  59, 
61,  205 


anhydride  .       .  . 
Phosphorous  acid  and  anhydride  . 
Phosphorus  (ordinary  and  amor- 
phous) . 
determination    of  in 
organic  compounds 
exam,  for  in  judicial 
investigations 


57 
64 


Phosphuretted  hydrogen 
Pipettes 
Pitchblende  . 
Platinic  oxide 
Platinous  oxide 
Platinum 


65 

275 
56 
242 


161;  anal,  of  162 
.  102 
.  102 
.  102 
.  102 
.  102 
.  103 
,  102 
.  137 


binoxide  of  . 
protoxide  of. 
,  sep.  and  estim.  of . 
Platinum  -  black  . 

metals  . 
ores  and  residues,  anal,  of  237 

Plumbates  118 

Plumbic  oxide  ,  .  .  .116 
Poisons,  exam,  for  .  .  .271 
Polybasic  acids  ....  6 
Poly  sulphides  .  .  ,  .16 
Polythionic  acids  .       .       .  .23 

Potash  186 

commercial,  val.  of  .       .  234 

Potassium  185 

ferro-  and  ferricyanide  of  43 
hydrate  of    .       .  .186 
oxide  and  salts  of        .  186 
sep.  and  estim.  of  187,207,223 
Prehnitc       ,       .      52;  anal,  of  221 
Preliminary  examination      .  .192 
Protosulphides     .       .       .  .16 
Prussian  blue       .       .  41,154,155 
Prussiate   of  potassium,  red  and 

yellow  43 

Prussic  acid  38 

Puce  oxide  of  lead  .  .  .118 
P ugh,  estim.  of  nitrates  .  .  9 
Purple  of  Cassius .       .       .  .101 

Pyrites  15 

Pyrochlorite  167 

Pyrolusite  149 

Pyrophosphates,  pyrophosplioric 
acid  63 
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Quartz  

Page 

50 

Racemic  acid 

72 

Eeagcnts,  general . 

2 

special  . 

0 

Eed  copper-ore 

130 

Red  lead  .... 

118 

Red  silver  ore      94,  120;  anal,  of  220 

Reinsch,  test  for  arsenic 

82 

Rhodium  .... 

13G 

sep.  and  estim.  of  . 

137, 

238 

sesquioxide  of 

136 

Rhodizite  .... 

47 

Rochellc-salt,  anal,  of  . 

207 

Rock-crystal 

50 

Rock-oil  .... 

185 

Rock-salt  .... 

24, 

187 

solubility  of  . 

265 

Rose,    sep.   of  phosphoric 

acid 

from  metals 

59 

sep.  of  antimony,  arsenic. 

and  tin 

98 

reaction  of  auric  salts  with 

potash 

100 

solubility  of  selenitcs 

114 

sep.  of  selenium  and 

tel- 

lurium 

116 

estim.  of  copper 

133 

sep.  of  rhodium  from  pla- 

tinum-metals 

137 

sep.  of  cobalt  from  nickel . 

148 

niobium  . 

173 

sep.  of  potassium  and 

so- 

dium  . 

188 

Ruthenium  .... 

137 

sep.  and  estim.  of 

138, 

237 

sesquioxide  of 

137 

Rutil    .       .       .      170;  anal,  of  171 

Sal-ammoniac 

190 

Saline  waters 

228 

Saltpetre  .... 

185 

Scale  oxide  of  iron 

156 

Scheele's  green  . 

81 

ScoriEe,  behaviour  to  acids 

52 

Selenates  .... 

114 

Selenic  acid  and  anhydride  . 

114 

Selenide  of  lead,  anal,  of 

115 

Selenides,  metallic 

113, 

115 

Seleniferous  deposit  in  sulph 

uric 

acid  chambers,  anal,  of 

115 

Selen  ites  .... 

114 

Selenium  .... 

113 

Page 

Selenium,  sep.  and  estim,  of  .  .115 
Selenous  acid  and  anhydride        .  114 
Silica,  soluble  and  insohible  .       .  50 
sep,  and  estim.  of       .     51,  220 
from  titanic  acid  .       .  55 
test  for  purity  of       .       .  52 

Silicates  50 

analysis  of      .       .  .52 
alkaline,  analysis  of        .  223 
decomp.  of,  by  acids        .  52 
by  fusion  witli 

fluxes    53,  223 
by  hydrofluoric 
acid  .       .  54 


Silicic  acid  (soluble  silica) 

50 

anhydride  (insoluble  silica) . 

50 

Silicon  ...... 

49 

estim.  of  . 

220 

Silver  ...... 

120 

extraction  of,  from  galena  . 

121 

silver  re- 

sidues 

121 

oxide  and  salts  of 

121 

Sep.  and  estim.  of      .  121, 

214 

vol.  estim.  of     .       .  . 

255 

Silver-coins,  anal,  of     .       .  . 

214 

detection  of  gold  in  . 

101 

glance  .... 

120 

Soap,  standard  solution  of  . 

263 

Soda  ...... 

187 

commercial,  val.  of 

234 

Sodium       .       .  ... 

187 

hydrate  of       .       .  . 

187 

oxide  of  . 

187 

sep.  and  est.  of  188, 204, 206, 207 

Soft-solder,  anal,  of     .       .  . 

215 

Solanine      .       .       .       .  277, 

278 

Solution  of  solid  substances  . 

193 

Sonnenschein,  sep.  of  organic 

bases  ..... 

278 

Spathic  iron-ore,  13,  153  ;  anal,  of  209 

Specific  gravity,  determ.  of  . 

229 

Specular  iron -ore  .... 

153 

Speiss-cobalt,  anal,  of  . 

216 

Spiller,  uon-precip.  of  sulphate 

of  barium  .... 

178 

Spodumen  

188 

Standard  solutions 

242 

Stannic  acid 

95 

anhydride,  oxide 

95 

Stannous  oxide  .... 

94 

salts 

95 

INDEX. 
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Page 

Stannous  salts,  distinct. from  stannic  96 
Starch,  cstim.  of  .  .  .  .  260 
Stilhitc,  anal,  of  .  .  .  .221 
Stromeyer,  estin).  of  boron  .  49 
sep.  of  cobalt  and 
nickel       .  .1-45 

Strontia  179 

Stroiitianite  179 

Strontium  179 

hydrate  of   .       .  .179 
oxide  and  salts  of .       .  179 
sop.  and  cstim.  of    180,  208 
Struve  (osmium)       .       .       .  139 

Strychnine  277 

Succinates    .       .       .       .  .70 
Succinic  acid       .       .       .  .69 
Sugar,  estim.  of  .        .       .       .  260 
Sulphantimonatcs .       .       .  .92 
Sulpluintimonites  .       .       .  .92 
Sulpharseiiic  acid .       .       .  .86 
Sulpharsenious  acid     .       .  .86 
Sulphate  of  copper,  anal,  of  .       .  202 
iron,  anal,  of     .       .  203 
and  ammonium  .  258 
magnesium,  anal,  of  .  205 

Sulphates  18 

decomposition  of  insol.  .  19 
distinct,  from  fluosilicates 

and  sclenates     .  .19 
estim.   of  sulphur  and 

oxygen  in  .       .       .  203 
of  barium,  strontium,  and 
calcium,  sep.  of  .       .  208 

Sulphides  15 

decomp.  of  .  .  15,  16 
cstim.  of  sulphur  in  17,  210 
solubility  of  .  .  .16 
Sulphocyanates,  suliihocyanic  acid  42 
Sulpho-salts  .  .  ,  79,  86 
Sulpho.stannatcs  . 
Sulphur  .... 

detection  of  in  dry  way 
in  organ,  com 
pounds 
estim.  of  in  sulphides  17 
Sulphuretted  hydrogen . 

water 

Sulphuric  acid  . 

estim.  of      .  18 
anhydride  . 
Sulphurous  acid  and  anhydride 
estim.  of 


96 
15 
24 

24 
210 
15 
15 
18 
203 
17 
20 
21 


Pagf 

Sulphur- waters    .      .      .  .229 

Tannic  acid  73 

Tantalic  acid  and  anhydride  .  172 
Tantalite,  anal,  of  .  .  .172 
Tantalum     .       .       .       .  .172 

oxide  of       .       .  .172 

sep.  and  estim.  of  .  .  172 
Tartar  emetic  .  .  .  .89 
Tartaric  tvcid  .  .  .  .71 
Tartrate  of  potassium  and  sodium, 

anal,  of  207 

Tartrates  71 

Tellurates  112 

Telluric  acid  and  anhydride  .  .112 
oxide      .       .       .  .111 
Tolluridc  of  bismuth,  anal,  of  .113 

Tellurites  Ill 

Tellurium  Ill 

folinted    and  graphic, 
anal,  of 

Sep.  and  cstim.  of 
Tcllurous  acid  and  anhydi'ide 
Terbia  . 
Terbium 


Thor  i  a . 

Thorite,  anal,  of 
Thorium 

oxide  of 
sep.  and 

Tin  . 


estim.  of 


binoxide  of 
estim.  of 
protosalts  of 
protoxide  of 
sep.  of  from  antimony 
arsenic 

antimony  and  ar- 
senic 

sulphides  of  . 
Tincal  .... 
Tinstone 

Titanic  acid  and  anhydride 
Titauiferous  iron  .  170 
Titanite 

Titanium  .... 

cyanide  and  nitride  of 
sep.  and  estim.  of . 
sesquioxide  of 

Topaz 


.  113 

.  113 

.  Ill 

.  168 

.  168 

.  167 

.  168 

.  167 

.  167 

.  168 

.  94 

.  95 

97,  99,  212 

.  95 


Tourmaline  . 
Tribasic  acids 


94 
97 
97 

9S 
96 
47 
94 
170 

anal,  of  171 
171 
170 
170 
.  171 
.  171 
.  45 
45,  47,  55 
.  6 


U 
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Pape 

Triphylline  .  .  '  188  ;  anal,  of  189 
Troost,  anal,  of  lepidolite  .       .  189 

TunfTStates  105 

Tungsten  lO-l 

Tungstic  acid  and  anhydride       .  105 
oxide     .       .       .  .105 
Type-metal,  anal,  of    .       .  .215 

Ultramarine  55 

Uranic  oxide  and  salts  .       .       .  IGl 

XJranite  161 

Uranium  161 

protoxide  of  .  .  .161 
Sep.  and  estim.  of  .  .162 
sesqiiioxide  of       .  .161 

Uran-ochre  161 

Uranoso-uranic  oxide  .  .  .161 
Uranous  oxide  and  salts  .  .161 
Urea,  estim.  of  in  urine  (Liebig)  267 

(Davy)  .  269 

Uric  acid  75 

estim.  of  in  urine  .       .  264 
'  Urine,  anal,  of     .       .      .  .264 


ores 


Vanadate  of  lead,  anal,  of 
Vanadates  . 

Vanadic  acid  and  anhydride 

oxide 

salts 
Vanadites 
Vanadium  . 

binoxide  of  . 

extract,  of  from  iron 

protoxide  of  , 

salts 

sep.  and  estim 
Vanadous  anhydride  . 
oxide  . 

Varvicite 
Veralrine 
Vesuvian 

Vöhl,  sep.  of  tin  from  arsenic  and 

antimony  .  . 
Volumetric  analysis 

direct  and  resi- 
dual method  242 
examples  in    .  243 


of 


111 
110 
110 
109 
110 
110 
109 
109 
110 
109 
109 
111 
109 
109 
149 
278 
52 

100 
241 


UBRARY 


Page 

243 
78 

202 
170 
45 
o 


Volumetric  estimations  by  iodine 
and  arsenious  anhydride  . 

Water  

detection    and  estimation 
of  .       .       .  .78, 
Watts  (cerium,  &c.)  . 

Wavellite  

"Wet  way,  em])loyment  ofrcagcnts  in 
Williamson,  oxidation  of  sul- 
phi(]es    of   antimony,  arsenic, 
and  tin     .       .       .       .  .99 
White  lead  .       .     1 18;  anal,  of  1 19 

Witlicritc  178 

Wö  111  er,  prep,  of  pure  molybdic 

anhydride  .       .  .108 
anal,  of  cinnabar,  mercuric 

oxide,  and  red  lead     .  126 
estim.  of  water  in  Kochclle- 

salt    .       .       .  .207 
anal,  of  platinum -ores     .  239 
ferrocyanide  of 
potassium       ,  241 
extract,  of  arsenic  from 
organic  matter    .       .  275 

Wolfram  104 

anal,  of  mineral  .  .105 
oxides  of  .  .  .104 
Sep.  and  estim.  of  .  .105 

Yttria  168 

Yttrium  168 

sep.  and  estim.  of    .  .168 
Yttrotantalite       .       .       .   168,  172 

Zeolites,  anal,  of  .       ,       .  .221 
behaviour  of  to  acids      .  52 

Zinc  158 

oxide  and  salts  .  .  .158 
Sep.  and  estim,  of.  .  159,  212 
Zinc-blende  .       .     158;  anal,  of  211 


Zinc-glance  . 
Zinkenite,  anal,  of 
Zircon  . 
Zircon  ia 
Zirconium 

salts 


sep.  and  estim.  of . 


.  158 

.  93 

54;  anal,  of  167 

.  167' 

.  167' 

.  167: 

.  167; 


THE  END. 
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[completion  of  de  la  RIVE'S  WORK  ON  ELECTRICITY. 

Just  publisbed.  Vol.  III.  iii  Svo.  with  "Woodcuts,  price  27s.  cloth, 

TREATISE  ON 'electricity, 

IN  THEORY  AND  PIUCTICE. 

By  A.  DE  LA  ElVE, 

LATE   PE0FKS30B   IN   THE   ACADEMY   OF  GEXEVA. 

Translated  for  the  Author  by  C.  V.  WALKEE,  F.R.S. 
OPINIONS  OF  THE  PRESS. 


"  The  name  of  De  la  Rive  has  long  been 
amongst  the  foremost  in  the  annals  of  elec- 
tricity, anil  is,  therefore,  too  well  known  to 
most  "of  our  reaiiers  to  render  it  necessary  to 
sav  much  by  way  of  introduction.  Hoth  as  an 
expcritnenter  and  a  theorist  the  author  of  this 
treatise  stands  amonfrst  tlie  very  iii^hest  in 
Europe.  Any  work,  therefore,  from  his  pen 
must  be  valuable,  but  the  one  before  us  is  un- 
nsnnlly  so,  because  it  contains  not  only  tlie 
matured  result  of  his  own  extensive  researches, 
but  al.so  of  all  other  electricians  up  to  the  pre- 
sent year.  No  work  at  all  approaching  it  in 
eitlier  lulness,  completeness,  or  clearness,  has 
yet  been  pnlilished.  The  three  volumes  contain 
very  nearly  2,300  pases,  and  have  been  more 
than  live  years  in  the  course  of  publication,  the 
delay  havmir  been  in  a  large  decree  occasioned 
by  tiie  aiixi'  ty  of  the  author  to  make  his  work 
as  complete  as  possible.  We  have  in  it,  con- 
s  equcntly,  not  merely  a  full  exposition  of  the 
older  laws  and  applications  of  the  science,  but 
of  its  most  recent  acqui>itioiis  and  develop- 
ments, all  set  forth  with  that  perspicuity  and 
accuracy  which  no  man  could  ^ive  who  was  not 
a  thorough  master  of  the  science." 

iMgchamc's  Magazine. 

"  The  fundamental  phenomena  of  elec- 
tricity are  explained  in  the  first  part.  The 
second  part  is  devoted  tn  a  careful  examination 
of  the  conilitions  of  electricity  in  a  state  ot  rest 
or  tension,  and  an  examination  of  the  theories 
of  electricity.  Electro-dynamics  ami  inajjnet- 
isni  are  very  fully  treated  of  in  the  third  section 
of  the  work,  and  iliffereiit  chapters  are  devoted 
to  a  philosophic  dis(|uisitiiin  on  the  mutual 
actions  of  mairnetism  and  electricity,  and  a  de- 
scriptionof  magnetic  instruments.  In  the  fourth 


section  we  liave  an  examination  of  the 
plienomena  relating;  to  the  mode  of  the  propa- 
iration  of  electricity  in  the  interior  of  bodies; 
a  detailed  study  of  the  calorific,  luminous,  ancl 
chemical  crtVcts;  and  of  the  physioioijical 
l)henoinena  to  which  electricity  nives  rise  in 
orpfanised  bodies.  The  sources  of  electricity 
then  become,  in  the  fifth  division,  the  subjects 
of  study ;  and  in  the  last  section  all  the  uses  of 
this  remarkable  powerare  treated  of— such  a.s 
electro-chemical  applications  {gildinu:,  salvaiio- 
plastic,  &c.),  electro  -  magnetic  afii)liances 
(teleirraphy,  clocks,  Kc),  electro- calorific  am! 
electro-luminous  experiments,  and  the  uses  of 
electricity  as  a  curative  agent,  or  a  means  of 
physiological  investigation.  This  enumeration 
of  the  contents  of  this  work,  of  which  the 
volume  before  us  forms  a  part,  will  (uove  the 
extent  of  the  inquiry,  and  will  serve  to  show- 
how  large  an  area  is  occupied  by  electricity  in 
the  domain  of  the  physical  sciences.  Professor 
De  la  Kive  has  ably  executed  his  ta^k,  and  in 
the  three  volumes,  now  brought  to  a  dose,  we 
have  one  of  ilie  best  treatises  on  electricity  in 
any  English  language.  The  English  translation 
has  been  executed  from  the  author's  Krenc'u 
manuscript  by  Mr.  Cliarles  V.  Walker,  so  well 
known  to  the  public  by  his  ingenious  appliances 
to  render  the  electric  telesiraph  more  effective, 
and  less  liable  to  derangement,  than  he  fouml 
it.  So  able  a  translator  has,  it  may  be  imagined, 
done  full  justice  to  his  author;  and.  sei  iiiir  that 
no  one  who  did  not  possess  a  perfect  knowledge 
of  the  science  of  electricity  could  deal  with  its 
technicalities,  our  acknowledgments  of  ex- 
cellence are  also  due  to  him  who  has  under- 
taken the  laborious  task  of  rendering  this 
treatise  into  English." 

Literary  Gazette. 


Vol.  I.  price  18s.  and  Vol.  II.  price  2Ss.  may  also  be  had. 


London :  LONG^AjN",  BEOWN,  and  CO.,  Paternoster  Eow. 


VAN  DER  HOEVEN'S  HANDBOOK  OF  ZOOLOGY. 

Just  published,  in  8vo.  with  2-i  Plates  of  Eigm-es,  price  60s.  cloth, 

HANDBOOK  OF  ZOOLOGY. 

By  J.  VAN  DEE  HOEVEN,  M.D., 

Professor  of  Zoology  in  the  University  of  Leyden. 

Translated  from  the  Second  Dutcli  Eriition  (with  copious  additional  Reference3 

furnished  by  the  Author) 

By  the  Rev.  W.  CLARK,  M.D.,  F.R.S.,  &c. 

Late  Fellow  of  Trinity  College,  and  Professor  of  Anatomy  in 
the  University  of  Cambridge. 


*'  This  stupendous  monument  of  scien- 
tific erudition  is  more  fitted  for  a  text-book  to 
the  student  whose  motto  is  thorough  than  for 
a  popular  reader  of  zoulo^y.  Everythnij?  that 
the  celebrated  Dutch  Professor  touches  is 
thorousrlily  handled,  without  beinic  overlaid, 
though  unless  for  the  determined  student  there 
will  seem  to  be  a  2;reat  amount  of  detail  as 
well  as  much  minuteness.  The  first  edition 
of  his  Zoüloijii  was  commence  !  in  1827,  and 
completed  iii  1835.  The  work  may  be  con- 
sidered under  two  heads.  The  one  g'ives  a 
broad  view  of  the  g^eneral  subject— a  class,  an 
order,  &c. ;  including  the  history  of  its  dis- 
covery, as  well  as  the  account  of  its  nature. 
This  is  followed  by  a  detailed  exposition  o( 
the  dift'erent  species,  with  the  particulars 
necessary  for  the  student  to  learn.  An  intro- 
duction contains  a  survey  of  nature  in  its  a;rpat 
divisions  of  inorg-anic  bodies  and  vegetable  and 
animal  life.  The  volume  begins  with  the 
lowest  class,  the  Infusoria,  and  closes  with 
the  Molluscs."  Spectator. 

"  Professor  Van  Der  Iloeven's  excellent 
volume  opens  with  an  Introduction  describing 
briefly,  but  clearly,  the  general  conditions  of 
animal  life,  and  the  general  principles  oi 
zoological  classification.  This  is  followed  by 
a  detailed  description  of  every  class  in  suc- 
cession, with  an  enumeration  of  its  orders, 
families,  genera,  and  species.  A  series  of  ele- 
pant  plates  completes  tiie  volume.  No  other 
work  presents  so  clear  and  so  perfect  a  view 
of  the  animal  kingdom.  In  translating  it,  ami 
interweaving  into  its  text  the  new  matter  which 
the  advance  of  science  has  contributed  since 
its  original  publication.  Dr.  Clarke  has  most 
judiciously  discharged  the  duty  which  he  felt 
imposed  upon  him  by  the  recent  changes  in 
the  Cambridge  CMmc/</«»J,  and  his  own  posi- 


tion in  the  University.  We  shall  be  glad  to 
see  the  work  completed  by  the  addition  of  the 
Vertebrate  Animals  in  a  second  volume." 

Guardian. 

"  The  appearance  of  the  second  volume 
of  this  work  puts  the  English  student  into  full 
possession  of  the  latest  conspectus  of  the  al- 
ready immense  and  ever  increasing  science  of 
zoology.  The  eminent  Dutch  professor  has 
produced  a  great  work.  The  master-genius, 
which  in  Liiiiweus  formed  the  Si/stema  NaturcB, 
cannot  indeed  be  attributed  to  Van  Der  Hoe- 
ven,  nor  the  grand  conception  which  developed 
La  Regne  Animal  in  the  brain  of  Cuvier.  The 
illustrious  .Swede  created  the  science  almost 
(/encno;  and  the  sagacious  Frenchman,  thrust- 
ing it  again  into  the  fire,  forged  it  anew  upon 
his  own  anvil,  by  the  sole  power  of  his  own 
mighty  hand.  But  a  host  of  artificers  have 
been  working  at  it  of  late  years;  the  clang  of 
a  thousand  hammers  is  daily  heard,  fashioning 
and  re-fashioning  it  in  every  part ;  the  grand 
(lifliculty  is  now  in  selecting  from  the  host  of 
rival  booksmiths :  ccce  xignuni .'  even  before 
the  iron  has  cooled,  while  one  end  of  the  ela- 
borate implement  is  yet  in  the  Leyden  fire, 
the  other  end  has  been  found  to  need  remodel- 
ling, and  is  changing  its  shape  under  the 
hammers  of  ardent  successors.  The  volume 
before  us  is  prefaced  by  a  valuable  and  elabo- 
rate essay  from  the  pen  of  the  translator, 
embodying  the  principal  additions  made  to 
zoology  (chiefly  invertebrate  zoology)  since  the 
appearance  of  the  first  volume,    isome  of  these 

additions  are  important  The  book  is  an 

admirable  result  of  learning,  skill,  and  labour, 
and  ought  to  find  a  place  in  every  zoologist's 
library.  The  translator  appears  to  have  exe- 
cuted his  part  of  the  work  with  care  and 
faithfulness."  Literary  Gazette. 


Each  volume,  viz.  Vol.  I.  Invcriehrale  Animals,  with  15  Plates  of  Figures,  and 
Vol.  II.  Vertebrate  Animals,  with  9  Plates  of  Figures, — may  be 
had  separately,  price  30*.  cloth. 


London :  LOIs'GMAN,  BEOWN,  and  CO.,  Paternoster  Eow. 


MAUNDER' S 
POPULAR  TREASURIES. 

'%*    New  and  thoroughly  revised  Editions ;  each  Treasury  complete  in  One 
compact  Volume,  fcp.  8vo,  of  about  900  pages,  comprising  about 
1,800  columns  of  small  but  very  legible  type. 


Science  and  Literature. 

MAUNDER'S  SCIENTIFIC  AND  LITERARY 

I       TREASURY  :  A  new  and  popular  Eucyclopffidia  of  Science  and  the  Bellcs- 
Lettres :  Including  every  Subject  connected  with  Literature  and  Art.  Price  10s. 

Biography. 

MAUNDER'S  BIOGRAPHICAL  TREASURY: 

Consisting  of  Memoirs,  Sketches,  and  brief  Notices  of  above  12,000  Eminent 
Persons  of  all  Ages  and  Nations  Price  10s. 

General  Knowledge. 

MAUNDER'S  TREASURY  OF  KNOWLEDGE,  AND 

LIBRARY  of  REFERENCE  :  A  copious  popular  Compendium  of  Universal 

Knowledge :  Including  Grammar,  Dictionarj-,  Gazetteer,  Mythology,  Chronology,  Peerage,  &c.  Price  10s. 

Natural  History. 

MAUXDEU'S   TRE/\SURY  OF  NATURAL 

HISTORY :  A  popular  Dictionai-y  of  Animated  Nature  :  Enlivened  with 
Anecdotes  of  the  Instinct,  &c.,  of  Animals;  with  900  Woodcuts.... Price  10s. 


History. 

MAUNDER'S   HISTORICAL  TREASURY: 

Comprising  copious  general  introductory  Outlines  of  Universal  History,  and 
separate  Histories  of  every  principal  Nation  Price  10s. 

Geography. 

MAUNDER'S  TREASURY  OF  GEOGRAPHY, 

Physical,  Historical,  Descriptive,  and  Political.  (Completed  by  William 
Hughes,  E.R.G.S.)    With  Maps  and  Steel  Plates  Price  10s. 

The  SIX  TREASURIES  complete,  price  £3,  cloth. 

l' price  123.  6d.  neatly  whole  bound  in  calf, 
Y.^ei\Treasimj i  price  12s.  bound  in  roan,  with  gilt  edges,  or 
Iprice  10s.  bound  in  cloth  lettered, 


maybe  had  separately 

(as  above). 


London:  LOjN^GMAN,  BEOWN,  and  CO.,  Paternoster  Eow. 


NEW  EDITION  OF  HERSCHEL'S  OUTLINES  OF  ASTRONOMY. 

Ill  One  A'olumc,  Svo.  with  numerous  Plates  and  AYoodcuts,  price  ISs.  cloth, 

OUTLINES  OF  ASTKONOMY. 

By  Sir  JOHN  F.  W.  HEESCHEL,  Bart.,  K.H. 

MEMBER  OF  THE  INSTITUTE  OF  FRANCE,  ETC. 

THE  FIFTH  EDITION, 
Thoroughly  revised  and  corrected  to  the  existing  state  of  Astronomical  Science. 


THE  first  edition  of  this  work,  which 
was  published  in  1849,  might  bo  con- 
sidered as  an  extension  of  a  treatise  on 
the  same  subject  that  was  published  in 
the  Cabinet  Cjclopa;dia  in  1833.  But 
within  the  last  few  years,  astronoinj'  has 
been  enriched  bv  so  many  and  such  con- 
siderable additions,  that  tliis  new  edition, 
in  -which  tliey  are  recorded,  may  in  some 
respects  be  considered  as  a  new  work. 
Together  with  these  recent  accessions  to 
our  knowledge,  the  author  has  intro- 
duced an  account  of  the  methods  by  which 
the  mass  of  tlie  earth  has  been  deter- 
mined, the  ancient  solar  echpses,  M.  Fou- 
cault's  remarkable  pendulum  experi- 
ments, and  the  beautiful  instrument  the 
gyroscope,  together  with  notices  of  Pro- 
fessor Tliomson's  speculations  on  the 
origin  of  the  sun's  heat,  and  some  curious 
views  of  M.  Jean  Keynaud  on  the  secular 
variation  of  our  climates.  Some  new 
speculations  are  also  hazarded ;  as,  for 
instance,  on  the  subject  of  the  moon's 
habitability,  the  cause  of  the  acceleration 
of  Encke's  comet,  &c.  &c.  In  writing 
this  work,  the  object  of  tlie  autlior  was 
not  to  produce  a  technical  treatise,  in 


which  the  student  should  find  a  minute 
description  of  methods  of  observation 
on  the  formula  he  requires  prepared  1o 
his  hand,  or  their  demonstrations  drawn, 
out  in  detail  ;  but  to  present  to  him  in 
each  case  t//e  mere  ultimate  rationale  of 
facts,  arguments,  and  processes;  and  in 
all  cases  of  mathematical  ajjplication, 
avoiding  wliatever  would  tend  to  encum- 
ber its  pages  with  algebraic  or  geometri- 
cal symbols,  to  place  under  his  inspection 
that  central  thread  of  common  sense  on 
which  the  pearls  of  analytical  rcsear<  ' 
are  invariably  strung  ; — in  a  word,  t: 
aim  of  the  work  is  simply  to  teach  all 
that  is  known  on  the  subject  of  astro- 
nomy. The  author  has  eiideavoured 
to  render  it  as  independent  of  other 
books  as  possible.  But  for  the  mo]\; 
advantageous  perusal  of  it,  the  student 
should  be  familiar  with  decimal  and  sex- 
agesimal arithmetic,  besides  having  a 
moderate  acquaintance  with  geometrv 
and  trigonometry,  the  elementary  prin- 
ciples of  mechanics,  and  enough  of  optics 
to  understand  the  construction  and  use 
of  the  telescope  and  some  other  of  the 
simpler  instruments. 


Uniform  with  the  above,  in  8vo.  price  ISs.  cloth,  ' 

Sir  J.  HEPvSCHEL'S  ESSAYS  from  the  EDINBUEGH 

and  QUARTERLY  REVIEWS  ;  with  Addresses  and  other  Pieces. 


THESE  essays  and  addresses  of  Sir  John 
Herschel  are  not  mere  chronicles  of 
the  progress  of  the  science  with  whicli 
his  name  is  indissolubly  connected.  The 
highest  trutris  of  this  science  are  simply 
and  beautiiuUy  expounded, and  made  cleai- 
to  all  classes.   Very  many  of  our  readers 


are  active  members  of  generell  book  clubs, 
and  we  can  assure  them  that  it  would  be 
diflicult  to  find  a  work  so  likely  to  be  both 
instructive,  interesting,  and  generally 
acceptable  as  this  collection  of  Sir  John 
Ilerschel's  essays  and  addresses. 

Medical  Times  and  Gazette. 


London :  LONGMAN,  BEOWN,  and  CO.,  Paternoster  Eow. 


COMPLETION  OF  DR.  COPLAND'S  MEDICAL  DICTIONARY. 


Just  published,  Parts  XIX.  and  XX.  (a  double  part,  completion,  with  classified 
Contents  and  ^  copious  Index)  price  93.  sewed  ;  and  Vol.  III.  (in  two  parts) 
8vo.  price  £2.  lis.  cloth, 

A  DICTIONARY 

OF   

PRACTICAL  MEDICINE: 

COiirUISING  GENERAL  PATHOLOGY,  THE  NATTJKli  AND  TREATMENT  OF  DISEASES, 
ilOUUID  STRCCTURES,  AND  THE  DISORDERS  ESPECIALLY  INCIDENTAL  TO 
CLIMATES,  TO  SEX,  AND  TO  THE  DIFFERENT  EPOCHS  OF  LIFE  ; 
WITH  NUMEROUS  APPROVED  FORMUL.«  OF  THE  MEDICINES  RECOMMENDED,  &c. 

By  JAMES  COPLAND,  M.D.,  E.K.S.,  &c. 


I 


Ckitical  Opinions  of  this  Dictionaiiy. 


N  Dr.  CoPLAN  d's  Didionary  of  Prac- 
tical Mi-iUcintf  we  see  a  reflex  of 
German  erudition,  French  acuteness,  and 
British  practical  common  sense.  It  has 
long  had  an  European  reputation,  and 
will,  we  iiave  no  doubt,  successfully  main- 
tain what  it  has  taken  its  author  so  much 
patient  trouble  to  acquire." 

Lancet,  Sept.  4. 

"  Ty[7E  heartily  congratulate  the  learned 
T  I  and  indefatigable  author  of  the 
Dictionari/  of  Practical  Medicine  on  the 
achievement  of  his  herculean  undertak- 
ing, coumienced  in  the  enthusiasm  of 
manhood  thirty  years  ago.  His  writings 
during  this  long  period  have  never  failed  to 
arrest  the  attention,  and  to  sustain  it  with 
unflagging  interest  throughout  the  com- 
prehensive accounts  which  from  time  to 
time  he  has  published  regarding  the  na- 
ture of  diseases.and  their  treatment.  The 
execution  ol  every  part  of  his  work  bears 
ample  evidence  that  he  has  not  only 
read,  but  studied,  with  unwearied  men- 
tal labour,  the  liest  medical  authors,  not  only  of 
his  own  time,  but  those  of  pa.st  at;cs.  His  ideiis, 
his  doctrines,  his  descriptions,  and  his  instiuctions 
are  conveyed  in  lanaua^e  at  once  terse,  clear,  forci- 
ble, and  condensed ;  and  his  whole  work  is  in  itself 
a  library  of  iiatholodcal  doctrine  and  tlierapeutical 
lore,  of  wliicli  Kuslish  literature  has  every  reason 
to  be  proud.  With  incessant  labour,  alone  and  unas- 


sisted, but  encouraged  to  persevere  by 
many  friends,  to  whom  in  gratitude  and 
allection  he  dedicates  his  volumes,  and 
no  doubt  cheered  also,  at  intervals,  by 
the  encomiums  of  the  medical  press,  as 
part  al  ter  part  of  his  work  made  its  tardy 
appearance,  ür.  Copland  has,  at  length, 
accomplished  an  undoubtedly  great  work, 
which  must  remain  an  imperishable  mo- 
nument of  his  talents,  of  his  learning,  and 
of  his  persevering  industry.    As  a  com- 
pleted treatise,  it  is  of  the  most  com- 
prehensive kind,  executed  with  a  unity 
of  principle,  which,  even  through  some 
inconsistencies,  tends  to  establish  con- 
viction and  to  command  belief.  Although 
published  as  a  dictionary  (which,  indeed, 
is  tlie  most  unpretending  form  in  which 
the  subject-matter  of  any  science  can  be 
expressed),  the  Bictionanj  of  Practical 
Medicine  has  some  of  the  merits  of  a  sys- 
tematic treatise,  inasmuch  as  a  classified 
table  of  contents  has  been  issued  in  the 
last  part  now  published.  Dr.  Copland's 
arrangement   of  diseases,   lesions,  and 
modes  of  cure,  is  founded  ui)on  our  knowledgc,  or 
presumed  knowledge,  ol  the  conditions  of  rilal force, 
and  has  constant  reference  to  tliosc  conditions,— 'to 
that  power  which  actiuites  tlic  whole  human  orpmi- 
satioii,  and  to  which  a  continued  re^'ard  nuist  neces- 
sarily be  had,  and  a  constant  reliance  placed,  in  our 
efibrts  to  alleviate  or  remove  diseiuse.' 

Medical  Timos  and  Gazette,  Sept.  18. 


Vols.  I.  and  II.  price  60s.  cloth,  may  also  be  had :  and  the  work  complete, 
in  3  vols,  price  £5.  lis.  cloth. — The  Parts  may  at  present  be  had  separately  ;  and 
the  Publislu-rs  will  be  obliged  by  the  Subscribers  perfecting  their  sets  with  as  little 
delay  as  possible. 
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publication  of  the  Mathematical  Series 
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tent writers,  with  a  view  of  publishing 
a  corresponding  series  of  Scientific 
Manuals  in  Experimental  and  Natural 
Science.  In  the  Experimental  and  Na- 
tural Science  Manuals,  the  metliod 
which  has  been  adopted  in  the  Mathe- 
matical Series  with  such  success  will  be 
adhered  to  ;  viz.  providing  the  student 
with  numerous  carefully  devised  Exer- 
cises at  the  close  of  each  chapter,  to 
illustrate  the  principles  laid  down. 
Messrs.  Galbraith  and  Haughton  have 
undertaken  to  write  several  of  the 
Manuals  in  Experimental  Science  them- 
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Turner's  Sacred  History  .  ...  23 
Young's  Christ  of  History  .  .  .24 
"      Mystery  24 


Poetry  and  the  Drama. 

Aikin's  (Dr.)  British  Poets    ...  5 

Arnold's  Mf  rope   5 

"      Poems   5 

Baillie's  (Joanna)  Poetical  Works  .      .  5 

Calvert's  Wife's  Manual  ....  8 

Goldsmith's  Poems,  illustrated  .  .  10 
I      Horace,  edited  by  YoBge        .       .  .21 

I      L.  E.  L. '8  Poetical  Works       ...  13 

I     Linwood's  Anthologia  Uzoniensis        .  14 
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Powell's  I'nity  of  Worlds 

"      Christianity  without  Judaism 
Smoe's  Electro-Metallurgy  . 
Steara-Engine  (The) 


Rural  Sports. 


Baker's  Rifle  and  Hound  in  Ceylon 
Blaine's  Dictionary  of  Sports  . 
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Works  of  Fiction. 
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Howitt's  Tallangetta      .      .       .  .12 
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ALPHABETICAL  CATALOGUE 


NEW  WORKS  and  NEW  EDITIONS 

PCBLISUtD  bl 

I  LONGMAN,  BROWN,  GEEEN,  LONGMANS,  &  ROBERTS, 
I  PATERNOSTER  ROW,  LONDON. 


[  Miss  Acton's  Modern  Cookery 

for  Private  Families,  rciUuvil  to  a 
System  of  Easy  Practice  in  a  Series  of 
carefullv-testetl  Ueeeipts,  in  wliieli  the 
PYiuciples  of  Daroti  Liebis  and  other 
eminent  writers  have  been  as  imicli  as 
possible  applied  and  explained.  Newly- 
revised  anci  enlartred  Edition  ;  with  S 
Plates,  eomprisini;  27  Kifrnres,  and  150 
Woodcuts.   Fcp.  Svo.  7s.  Gd. 

Acton's  English  Bread-Book  for 

Domestic  Use,  adapted  to  Families  of 
every  grade.   Fcp.  8vo.  price  Is.  üd. 

'  Aikin's  Select  Works   of  the 

I  British  Poets  from  Pen  Jonsou  to 
I     Beattie.    New  Edition;  with  Biogra- 

1)hical  and  Critical  Prefaces,  and  Se- 
ections  from  recent  Poets.  Svo.  lös. 

'  Arago  (F.)— Biographies  of  Dis- 

tin;iuished  Sciontitic^  Men.  Translated 
b\-  Admiral  \V.  H.  Smyth,  D.C.L., 
F.R.S.,  &c. :  the  Rev.  Badicn  Powkll, 
M.A. ;  and  Robebt  GkaiiT,  M.A., 
I     F.U.A.S.  8vo.  18s. 

:  Arago's  Meteorological  Essays. 

With  an  Introduction  by  Haron  Hum- 
boldt. Translated  mider  the  super- 
intendence of  Lieut.-C'ol.  E.  Sauinb, 
R.A.,  Treasurer  and  V.P.B.S.  8vo.  ISs. 

Arago's    Popular  Astronomy. 

Transl.ited  an<l  edited  by  Admiral 
W.  H.  Smyth,  D.C.L.,  F.R.S.  ;  and  Uo- 
HKKT  Ghant,  M.A.,  P.R.A.S.  In  Two 
Volumes.  Vol.  I.8vo. with  Platesand 
Woodcuts, 2l8.— Vol.  II.  is  in  the  press. 

j  Arnold.  —  Merope,  a  Tragedy. 

I  By  IIattuew  Ah.nold.  With  a  Pre- 
face and  an  Historical  Introduction. 
Fcp.  8vo.  »8. 

Arnold.— Poems.    By  Matthew 

AnJfOLD.  First  Skrtks,  Third 
Edition.  Fcp.  8vo.  5s.  Cd.  Seco>d 
Sebiüs,  price  5s. 


Lord  Bacon's  Works.    A  New 

Edition,  cullccted  and  edited  by  R.  L. 
Ellis,  .M.A.,  Fellow  of  Trinity  t'oUcge, 
Cambridge;  J.  Spkdding,  ÄI.A.  of 
Trinity  College,  Cambridge  ;  and 
D.  1).  Heath,  Esq.,  Barrister-at-Law, 
and  late  Fellow  of  Trinity  College,  Cam- 
bridge. Vols  T.  to  III.  Bvo.  ISs.  each  ; 
Vol.  IV.  14s.;  and  Vol.  V.  ISs.  com- 
prising the  Division  of  Philnsophical 
Works;  with  a  copious  Index. 

Vols.  VI.  and  VII.  comprise  Bacon's 
Literary  and  ProfesMonal  Worlcs.  Vol. 
VI.  price  18s.  now  ready. 

Joanna  Baillie's  Dramatic  and 

Poetical  Works  :  Comprising  Plays  of 
the  P.issions,  j\Iiscelianeous  Dramas, 
Metrical  Legends,  Fugitive  Pieces,  and 
Ahalj  a  Baec  ;  with  the  Life  of  .Joanna 
Baillie,  Portrait-imd  Vignette.  Square 
crown  8vo.  2l8.  clotli;  or  12s.  morocco. 

■Baker.— The  Eifle  and  the  Hound 

in  Ceylon.  By  S.  W.  Baker,  E.'jq. 
New  Edition,  with  l:!  Illustrations 
engraved  on  Wood.   Fcp.  8vo.  ts.  6d. 

Baker.  —  Eight  Years"  Wander- 
ings in  Ceylon.  I!v  S.  W.  Baker,  Esq. 
With  C  coloured  Plates.   8vo.  lös. 

Barth.— Travels  and  Discoveries 

in  Northand  Central  Africa:  Being  the 
Journ.al  of  an  E.xpedition  undertalicn 
under  the  auspices  of  Her  Britannic 
Al^esty's  Government  in  the  Years 
IHtH— la"):').  By  Henry  Bahtu,  Ph.D.. 
D.C.L.,  &c.  With  mnnerous  Maps  and 
Illustrations.  5  vols.  Svo.  £5.  Tjs.  cloth. 


Bayldon's  Art  of  Valuing  Rents 

and  Tillages,  and  Claims  of  Tenants 
upon  Quitting  Farms,  at  both  Michael- 
mas and  Lady-diiy  ;  as  revised  by  Mr. 
Donaldson.  Sccenth  Edition,  en- 
larged and  adapted  to  the  Present 
Time.  By  Robert  Baker,  Land- 
Agent  and  Valuer.  8vo.  price  10s.  6d 
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NEW  WOEKS  AND  NEW  EDITIONS 


Black's  Practical  Treatise  on 

Brewiiis,  based  on  Chcniiciil  and  Eco- 
nomical Principles  :  ^Vith  Fonnuluj 
for  Public  Brewers,  and  Instructions 
for  Private  Families.  8vo.  10s.  6d. 


Blaine's  Encyclopaedia  of  Rural 

Sports;  or,  a  coniiücte  Account,  Histo- 
rical, Practical,  and  Descriptive,  of 
Hunting,  Shootiu:;,  Fisl\ins,  Kacin;;, 
&c.  New  Jidition,  revised  and  corrected 
to  the  Present  Time  ;  with  above  600 
Woodcut  Illustrations,  including  20 
Subjects  now  added  from  Designs  by 
Jolm  Leech. 


Blair's  Chronological  and  His- 
torical Tables,  fiom  the  Creation  to  the 
Present  Time:  With  Additions  and 
Corrections  from  the  most  authentic 
Writers ;  including  the  Cominitation  of 
St.  Paul,  as  conncctinfT  the  Period  from 
the  Exode  to  the  Temple.  Under  the 
revision  of  Sir  Hknuy  Ellis,  K.H. 
Imperial  8vo.  Sis.  Cd.  half-morocco. 

Boyd.  —  A  Manual  for  Naval 

Cadets.  Published  with  the  sanction 
and  approval  of  tlie  Lords  Commis- 
sioners of  the  Admiralty.  V>y  John 
M'Neill  130TD,  Captain,  R.N.  With 
Coniiiass-Signals  in  Colours,  and  23G 
Woodcuts.   Fcp.  8vo.  10s.  Gd. 


Bloorafield. — The  Greek  Testa. 

ment :  with  copious  Enslish  Notes, 
Critical,  Philological,  and  Explanatory. 
Especially  adapted  to  the  use  of  Theo- 
logical Students  and  Ministers.  By  the 
Rev.  S.  T.  Bloomfield,  D.D.,  F.S.A. 
Ninth  Edition,  revised.  2  vols.  8vo. 
with  Map,  £2.  Ss. 


Dr.  Bloomfield's  College  &  School 

Edition  of  the  Greek  Testament :  With 
brief  English  Notes,  chieHy  Philological 
and  Explanatory.  Seventh  Edition  ; 
with  Map  and  Index.  Fcp.  Svo.  7s.  6d. 


Dr.  Bloomfield's  College  &  School 

Lexicon  to  the  Greek  Testament.  New 
Edition,  revised.  Fcp.  8vo.  price  lOs.  6d.  , 

Bourne's  Catechism  of  the  Steam 

Engine  in  its  various  AiJplications  to 
Mines,  Jlills,  Steam  Navifjation,  Rail- 
ways, and  Agriculture :  With  I^actical 
Instructions  for  the  Manufacture  and 
Management  of  Engines  of  every  class. 
Fourth  Edition,  enlarged;  witli  89 
Woodcuts.  Fcp.  8vo.  6s. 


Bourne.  —  A  Treatise  on  the 

steam  Engine,  in  its  Aiiplication  to 
Mines,  Mills,  Steam  Navigation,  and 
Railways.  By  the  Artisiuj  Club.  Edited 
by  JouN  BouRNi!,  C.E.  New  Edition : 
with  3:5  Steel  Plates,  and  319  Wood 
Engravings.  Ito.  27s. 

Bourne. —  A  Treatise   on  the 

Screw  ProjjcUer :  With  various  Sug- 
gestions of  Improvement.  By  John 
liouBNE,  C.E.  New  Edition,  with 
20  large  Plates  and  numerous  Wood 
Engravings-.   Ito.  3Ss. 

Brande's  Dictionary  of  Science, 

Literature,  and  Art ;  comynnsing  the 
History,  Description,  and  Scientific 
Principles  of  every  Branch  of  HumaTi 
Knowledge;  with  tlie  Derivation  and 
Definition  of  all  the  Terms  in  general 
use.  Third  Edition,  revised  and  coi'roct- 
ed;  with numeious Woodcuts.  Svo.OOs. 

Professor  Brande's  Lectures  on 

Organic  Chemistry,  as  a])plied  to  Maiui- 
facLin'cs,  including  Dyemg,  Bleaching, 
Calico  Printing,  Sugar  Manufacture, 
the  Preservation  of  Wood,  Tanning, 
&c.  Edited  by  J.  Scoffkbn,  M.B. 
Fqi.  V/oodcuts,  7s.  Gd. 

Brewer.—- An  Atlas  of  History 

and  Geography,  ft'om  the  Commence- 
ment of  the  Christian  Eia  to  the  Pre- 
sent Time:  Comprising  a  Series  of 
Sixteen  Coloui'ed  Maps,  arranged  in 
Chronological  Order,  with  Illustrative 
Memoirs.  By  the  Rev.  J.  S.  Brewer, 
M.A.  Second  Edition,  revised  and  cor- 
rected.  Royal  8vo.  12s.  Gd.  half-bomid. 

Brialmont.  —  The  Life   of  the 

DuUo  of  Wellington.  From  the  French 
of  Alexis  HntALiioNT,  Captain  on  the 
Staff  of  the  Belgian  Army  :  With  Emen- 
dations and  .\dditions.  By  the  Rev. 
G.  R.  Glkig,  M.A.,  Chaplain-General 
to  the  Forces  and  Prcliendary  of  St. 
Paul's.  With  Maps,  Plans,  and  Por- 
traits. Vols.  I.  and  II.  Svo.  jirice  30s. 
Vol.  III.  (completimi)  is  hi  preparation. 

Dr.  T.  Bull's  Hints  to  Mothers  on 

the  Management  of  their  Health  during 
the  Period  of  Pregnancy  and  in  the 
Lying-in  Room:  With  an  Exposure  of 
Popular  Errors  in  conmxion  with  those 
subjects,  &c. ;  and  Hints  upon  Nursing.  1 
New  Edition.  Fcp.  8vo.  5s.  i 

Bull.  —  The  Maternal  Manage- 
ment of  Children  in  Health  and  Dis- 
ease. By  T.  Bull,  M.D.,  formerly 
Physician- Accouchem-  to  the  Finsbury 
Midwifery  Institution.  New  Edition. 
Fcp.  8vo.  5s. 
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Brodie.  —  Psychological  Inqui- 
ries, ill  :i  Si  i-ios  of  Ks.s;iys  iiiienilcil  t.) 
illustrate  the  lutlueiuv  of  the  I'Uysical 
OrgiiuisatiDii  on  the  Moiitul  Faculties. 
By  Sir  Hknjamin  C.  Ukouik,  Hart. 
Third  Edition.  Fcp.  8vo.  5». 

Bunsen.— Christianity  and  Man- 

kiiul,  their  liei;inniii^s  ami  rrosiieets. 
Hy  Haion  C.  C.  .1.  Bl'NSt5.v,  D.D., 
D.C.L.,  D.Ph.  IJeiii^;  a  New  KJUioii, 
corre.-ted,  re-inoilelIetl,  and  extended, 
of  Hippojutus  and  hU  A'je.  7  vols. 
8vo.  .C.'>.  äs. 

*.*  This  Edition  is  composed  of  three  dis- 
tinct works,  as  follows : — 

1.  Ilippolytus  and  his  Age;  or,  the  Begin- 
nings and  frospects  of  Christianity.  S 
vols.  8vo.  £t.  ICi. 

2.  Outline  of  the  Ptiilosophy  of  t.'niversal 
History  applifd  to  Lausua^u  and  Reli- 
gion ;  containing  an  Account  of  the  Al- 
phabetical C  onferences.   2  vols.  33«. 

3.  AnalecU.Ante-Nicaena.  3  vols.Svo.  £2. 2s. 


Bunsen.  —  Lyra  Germanica. 

Translated  iVoiu  llie  German  by  Catu  v.- 
KISK  WiNKWouTU.  F/rtA  Edition  of 
the  FiKST  Skkiks,  Hymns  for  the 
Sundays  and  Festivals  o"f  the  Christian 
Year.  StcOND  Sekiks,  the  Christian 
Life.    Fcp.  t»vo.  5s.  each  Series. 

*  These  selections  of  German  Hymns  have 
been  made  from  collections  published  in  Ger- 
many l>y  Fiaron  Bcnse.n  ;  and  form  companion 
volumes  to 


Theologia  Germanica:  Which 

Bctteth  forth  many  lair  lineaments  of 
Divine  Truth,  and  saith  very  lotly  and 
lovely  things  touching  a  Perfect  Lil'e. 
Translated  by  Su.sanna  Winkwoktk. 
With  a  I'retace  liy  the  Rev.  Ciiarlks 
KlJi'GSLEr  ;  and  a  Letter  by  Baron 
BcKSKif.  Third  Kdition.  Fcp.  8vo.5s. 

Bunsen. — Egypt's  Place  in  Uni- 
versal iii>tnry :  All  Ilistoiical  Invcsti- 

f ation,  in  h'ive  Hooks,  liy  Baron  C.  C..J. 
iCNSKX,  D.C.L.,  D.Ph.  Translated 
from  the  Uennan  by  C.  IL  Cottkhll, 
Esq.,  M.A.  With  nnif.v  Illustration.s. 
Vol.  I.  8vo.  28s.;  Vol.  II.  8vo.  :!iis. 
Vor.s.  III.  IV.  and  V.  wjmpleting  the 
worl%  are  in  tlio  press. 


Bishop  Butler's  Sketch  of  Mo- 
dern and  Ancient  üeosraph.v.  New 
Edition,  thorouithly  revised,  with  such 
Alterations  introduced  as  continually 
proi^rcssiye  Discoveries  and  the  latest 
inlbrniation  have  rendered  necessary 
Post  Svo.  7s.  Od. 


Bishop  Butler's  General  Atlas 

ofModerii  and  Ancient  Cioo,i;i"ai)liy ;  coni- 
luisius;  Fifty-two  full-coloured  Maps  ; 
with  complete  Indiees.  New  Edition, 
enlar^red,  and  Ki'catly  hniiroved.  Editoil 
by  the  Author's  Son.   Koyal  Ito.  21s. 

Burton.— First  Footsteps  in  East 

Africa;  or,  an  Exploitation  of  Harar. 
Bv  KicnAitn  F.  Buktox,  Caiitain, 
Bombay  Army.  With  Maps  and 
coloured  Plate.  8vo.  18s. 

Burton.— Personal  Narrative  of 

a  I'ilirriniagctoEl  Mcdinah  and  IMeccah. 
By  KiCiiAKD  F.  BiKTOK,  Captain, 
Bombay  Army.  Second  Edition,  re- 
vised; with  coloured  Plates  and  Wood- 
cuts. 2  vols,  crown  8vo.  21s. 

The  Cabinet  Lawyer:  A  Popular 

Disest  of  tiie  Laws  of  England,  Civil 
and  Criminal:  with  a  Dictionary  of 
Law  Tonns,  Maxims,  Statutes,  and 
Judicial  Ant  iquitics  ;  Correct  Tables  of 
Assessed  Taxes,  Stamp  Duties,  Excise 
Licenses,  and  Post-Horse  Duties ;  Post- 
Offiee  Kesulations  ;  aiul  Prison  Disci- 

iiline.    1/th  Edition,  comprising  the 
'ublic  Acts  of  the  Session  1858.  Fcp. 
8vo.  lüs.  Gd. 

The  Cabinet  Gazetteer :  A  Popu-  j 

lar  Exposition  of  All  the  Countries  of  I 
the  A\orld.    By  the  Author  of  The 
Cabinet  Laiinier.    Fcj).  S\  o.  10s.  Cd. 


Calendars  of  State  Papers,  Do- 
mestic Series,  published  under  the  ! 
Direction  of  the  Master  of  the  Rolls, 
:ind  with  the  Sanction  of  H.M.  .Secre- 
tary of  Stale  lor  the  Home  Department : 

The  Rei;,'n  of  .TAMES  I.  IfiOS-'iS,  edited 
by  Mrs.  GiiEiijr.  Vols.  I.  to  111.  impe- 
rnil  8vo.  15s.  each. 

The  Reien  of  CHARLES  I.  1025-20, 
edited  by  .Ions  BJlüCB,  V.P.S.A.  Im- 

jjcrial  8vo.  J  5s. 

Tlie  Reicrns  of  EDWARD  VI.,  MARY, 
ELlZAlil'lTII,  151.7-80,  edited  by  11. 
LuMON,  Esq.   Imperial  Svo.  15s. 

Historical  Notes  rclal  ive  to  the  History 
of  Entstand,  from  the  Accession  of 
HENRV  VIII.  to  the  Deatli  ol  ANNE 
(1509-17U)  compiled  by  F.  S.  Thomas, 
Esq.   :i  vols,  imperial  8vo.  10s. 

State  Pajiors  rclatiii;,'  to  SCOTLAND, 
from  the  Hoiirn  of  HF.NRY  VIII.  to  the 
Accession  of  .lAMKS  I.  (1.5(n»-lfiO.'5),  ami 
of  the  Correspondence  relating  to  SlAl{  V 
QUEEN  of  SCOTS,  during  her  Captivity 
in  England,  edited  by  M.  J,  Thohpe, 
Esii.  2  vols.  imperial  Svo.  SOs. 
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NEW  WOEKS  AND  NEW  EDITIONS 


Calvert.  —  The  Wife's  Manual ; 

or.  Prayers,  TliouRbts,  and  Sontjs  on 
Several  Occasions  of  a  Matron's  Life. 
By  tlie  Rev.  W.  Calvert,  M..\.  Orna- 
mented from  DesiRns  by  the  Author  in 
the  style  of  Queen  Jilizabeth't  Prai/er- 
Book.   Crown  8vo.  lOs.  Gd. 

Catlow's  Popular  Conchology ; 

or,  the  Shell  Cabinet  arranged  accord- 
ing to  the  Modern  System:  With  a 
detailed  Account  of  the  Animals,  and  a 
complete  Descriptive  List  of  the  FaTni- 
lies  and  Genera  of  Keeent  anil  Fossil 
Shells.  Second  Kdition,  improved ; 
with  405  Woodcuts.   Post  Svo.  I  ts. 

Cecil.  —  The  Stud  Farm ;  or. 

Hints  on  Breeding  Horses  for  tlie  Turf" 
the  Chase,  and  the  Road.  Addressed 
to  Breeders  of  Race-Horses  and 
Hunters,  Landed  Proprietors,  and  Te- 
nant Farmers.  By  Cecil.  Fop.  8vo.  5s. 

Cecil's  Stable  Practice ;  or,  Hints 

on  Training  forihe  Turf,  the  Chase,  and 
the  Road;  with  Observations  on  Racing 
and  Hunting,  Wasting,  Race-Riding, 
and  Handicapping  :  Addressed  to  all 
who  are  concerned  in  Racing,  Steejile- 
Chasing,  and  Fox-Hunting.  Fcp.  8vo. 
■with  Plate,  5s. 

Chronicles  and  Memorials  of 

Great  Britain  and  Ireland  (luring  the 
Middle  Ages,  published  by  the  autliority 
of  H.  M.  Treasury  under  the  Direction 
of  the  Master  of  the  Rolls  :— 
Capgrave's  Chronicle  of  England, edited 

by  the  Rev.  F.  C.  Hingestox,  M.A. 

Royal  Svo.  83.  6d. 

Chronicon  Monasterii  de  Abingdon, 
edited  by  the  Rev.  .1.  Stevknson,  M.A. 
Vol.  I.  royal  Svo.  8s.  ßd. 

Lives  of  Kdward  the  Confessor,  edited 
by  the  Rev.  H.  R.  Luard,  M.A.  8s.  Gd. 

Monumenta  Franciscana,  edited  by  the 
Eev.  J.  S.  Brewer,  M.A.  Ss.  6d. 

Fa.scicnli  Zizanioruni  Magistri  .Tohan- 
nis  Wyclif  cum  Tritico,  edited  liy  the 
Rev.  W.  W.  .Shirley,  M.A.   8s,  Gd. 

Stewart's  Buik  of  Ihe  Croniclis  of 
Scotland,  edited  by  W.  B.  Titrnbull, 
Barrister.   Vol.  I.  royal  8vo.  89.  Gd. 

.Johannis  Caiigrave  Liber  de  lUustribus 
Henricis.  edited  by  the  Rev.  F.  C. 
HiNGESTON,  M.A.   Royal  8vo.  Ss.  Gd. 

English  Translation  of  Capgrave's  Book 
of  the  Illustrious  Henries,  by  the  Rev. 
F.  C.  HiNGESTON,  M.A.   10s.  6d. 

Elmham's  Historia  de  Mona.sterii  S. 
Augustini  Cantuarensis,  edited  by  the 
V.  C.  Hardwicke,  M.A,  8s.  6d. 


Chapman.— History  of  Gustavus 

Adolphus,  and  of  the  Thirty  Years' 
War  >ip  to  the  King's  Death :  With 
some  Accomit  of  its  Conclusion  by  the 
Peace  of  Westphalia,  in  1618.  By  B. 
Chapman,  M.A.  8vo.  Plans,  12s.  6d. 

Chevreul  On  the  Harmony  and 

Contrast  of  Colours,  and  their  Applica- 
tions to  the  Arts :  Including  Painting, 
Interior  Decoration,  Tapestries,  Car- 

Eets,  Mosaics,  Coloured  Glazing,  Paper- 
taining,  Calico-Printing,  Letterpress- 
Printing,  Map  -  Colouring,  Dress, 
Landscape  and  Flower-Gardening,  &c. 
&c.  I'ranslated  bv  Charles  Maktel. 
With  i  Plates.   Crown  8vo.  lOs.  Gd. 


Connolly.— History  of  the  Royal 

Sappers  and  Miners :  Including  the 
Services  of  tlie  Cori)s  in  the  Crimea  and 
at  the  Siege  of  Sebastopol.  By  T.W.J. 
Connolly,  Quartermaster  of  the  Royal 
Engineers.  Second  Edition  ;  with  17 
coloured  Plates.  2  vols.  8vo.  30s. 

Conybeare  and  Howson's  Life 

and  Epistles  of  Saint  Paul :  Comprising 
a  complete  Biography  of  the  Apostle, 
and  a  Translation    of  his  Epistles 
inserted  in  Chronological  Oi'der.  Third 
Edition,  revised  .ind  corrected  ;  with 
several  Maps  and  Woodcuts,  and  4 
Plates.  2  vols,  square  crown  8vo.  .31s.  Gd. 
The  Original  Edition,  witli  more  nu- 
merous Illustrations,  in  2  vols.  4to.  price  4(j«. 
—  may  also  be  had. 


Dr.    Copland's    Dictionary  of 

Practical  Medicine :  Comprising  Gene- 
ral Pathology,  the  Nature  and  Treat- 
ment of  Diseases,  Alorbid  Structures, 
and  the  Disorders  especially  incidental 
to  Climates,  to  Sex,  and  to  the  different 
Epochs  of  Life ;  with  mimerous  ap- 
proved Formula?  of  the  Medicines 
recommended.  Now  complete  in  3  vols. 
8vo.  price  £5.  lis.  cloth. 

Bishop  Cotton  s  Instructions  in 

the  Doctrine  and  Practice  of  Christi- 
anity. Intended  as  an  Introduction  to 
Confirmation.  4th  Edition.  18mo.2s.6d. 

Cresy's  Encyclopaedia  of*  Civil 

Engineering,  Historical,  Theoretical, 
a.\\i\  Practical.  Illustrated  bv  ujiwards 
of  3,000  Woodcuts.  Second  Edition, 
revised;  and  extended  in  a  Supplement, 
comprising  MetropoIitanWater-Supply 
Drainage  of  Towns,  Railways,  Cubical 
Proportion,  Brick  and  Iron  Construc- 
tion, Iron  Screw  Piles,  Tubular  Bridges. 
&c.  8vo.63s. 


PUBLISHED  BY  LONGMAN,   BROWN,  AND  CO. 


Crosse.  —  Memorials,  Scientific 

and  Literiiiy,  of  Andrew  Crosse,  the 
Klectrician.  Kdited  by  Mrs.  Cmossk. 
Post  8vo.  Ü8.  M. 

Crowe.— The  History  of  France. 

)!y  KvRK  KvANS  Ckowu.  In  Five 
Volumes.   Vol.  1,  Svo.  lis. 

Cruikshank.  —  The  Life  of  Sir 

John  Kulstatl',  iUu^trated  in  a  iSeries 
of  Twenty-four  original  Ktchini;s  by 
lieor«e  Cruikshank.  Aeconipanied  by 
an  imaginary  Hio^'raphy  of  the  Kni>;ht, 
by  UoBKKT  15.  Hkougu.  Koyal  8vo. 
price  128.  Gd.  cloth. 

Lady  Cust's  Invalid's  Own  Book  : 

A  Collection  of  UeciiH-'s  from  various 
liooks  and  various  Countries.  Second 
Edition.   Fep.  8vo.  2s.  M. 

The  Eev.  Canon  Dale's  Domestic 

Liturijy  and  Family  Chaplain,  in  Two 
Parts:  Part  I.  Cluirch  Services  .adapted 
for  Dojnestic  Use,  witli  Prayers  for 
Kverv  Day  of  the  Week,  selected  from 
the  Uook  of  Common  Prayer ;  Part 
II.  an  appropriate  !>ennon  foi-  Every 
iSnnday  in  the  Vear.  Second  Edition. 
Post  4to.  21s.  cloth  ;  31s.  Cd.  calf;  or 
£2.  lOs.  morocco. 

(.  The  FAMit.T  Chaplain,  12j. 
Separat«lj  A  The  Domestic  Litcroy, 
10».  6d. 

Davies. — Algiers  in  1857  :  Its 

Accessibility^  Climate,  and  Kesources 
de.scril)ed  with  especial  reference  to 
EiiKÜsh  Invalids  ;  with  details  of  Re- 
creation obtainable  in  its  NeiRlibour- 
hooil  adiled  for  the  use  of  Travellers  in 
Kcneral.  Hy  the  Kev.  K.  W.  L.  Davies, 
AI.A.  0.\on.  Post  8vo.  6s. 

Delabeche.— Report  on  the  Geo- 

Vy^y  of  Cornwall,  Devon,  and  West 
Somerset.  By  Sir  H.  T.  Dki.abkcuk, 
F.K.S.  With  Maps,  Plates,  and  Wood- 
cuts.  8vo.  Us. 

Davy  (Dr.  J.)— The  Angler  and 

his  Friend ;  or.  Piscatory  Colloquies 
and  Fishing  Excursions.  By  .John 
DAvr,  M.Ü.,  F.R.S.,  &c.   Fcp.  8vo.  6s. 

Hi/  the  same  Authnr, 

The  Angler  in  the  Lake  District ; 

or.  Piscatory  (.'oUoiiuics  and  Fishing 
E.\cursions  in  Westmoreland  and  Cum- 
berland.  Fcp.  8vo.  Gs.  6d. 

De  la  Rive's  Treatise  on  Elec- 
tricity in  Tlicory  and  Practice.  Trans- 


lated for  the  Author  by  C.  V.  Walker 
F.H.S.   i  vols.  8vo.  Woodcuts,  ISs! 


Abbe'  Domenech's  Missionary 

Adventures  in  Texas  and  Mexico  :  A 
Personal  Narrative  of  Six  Years'  So- 
journ in  those  Regions.  Translated 
from  the  French  under  the  Author's 
superintendence.   8vo.  lOs.  Gd. 

The  Eclipse  of  Faith  ;  or,  a  Visit 

to  a  Religious  Sceptic.  IVA  Edition. 
Fcp.  8vo.  58. 

Defence  of  The  Eclipse  of  Faith, 

by  its  Author :  Being  a  Rejoinder  to 
Professor  tievivcisn's  Reply :  Including 
a  full  Examination  of  that  Writer's 
Criticism  on  the  Character  of  Christ ; 
and  a  Chapter  on  the  Asjjects  and  Pre- 
tensions of  Modern  Deism.  Second 
Edition,  revised.   Post  8vo.  5s.  Gd. 

The  Englishman's  Greek  Con- 
cordance of  the  New  Testament :  Being 
an  Attempt  at  a  Verbal  Connexion 
between  tnc  Greek  and  the  English 
Texts;  including  a  Concordance  to  the 
Proper  Names,  with  Indexes,  Greek- 
English  and  English-Greek.  New  Edi- 
tion, with  a  new  Index.  Royal  8vo.  42s. 

The  Englishman's  Hebrew  and 

Clialdee  Concordance  of  the  Old  Testa- 
ment: Being  an  Attempt  at  a  Verbal 
Connexion  between  the  Original  and  the 
Enfjlish  Translations  ;  with  Indexes, 
a  List  of  the  Proper  Names  and  their 
Occurrences,  &c.  2  vols,  royal  8vo 
£3. 13s.  6d. ;  large  paper,  £i.  Us.  6d. 


Natural  History  of  Kiver-Fish,  and  the 
best  Modes  of  Catching  them.  Third 
Edition,  corrected  and  improved;  with 
Woodcuts.   Fcp.  8vo.  ."is. 

Ephemera's  Book  of  the  Salmon : 

The  Theory,  Principles,  and  Practice  of 
i  Kv-Fishing  for  Salmon  ;  Lists  of  good 
Salmon  Flies  for  everv  good  River  in 
the  Empire  ;  the  Natural  Historv  of  the 
Salmon,  its  Habits  described,  and  the 
best  way  of  artificially  Breeding  it. 
i  cp.  8vo.  with  coloured  Plates,  I  ts. 

Fairbairu. — Useful  Information 

for  Engineers  :  Being  a  Series  of  Lec- 
tures delivered  to  the  Working  Engi- 
neers of  Yorkshire  and  Lancashire 
By  William  Faihbairn,  F.R.S 
F.O.S.  Second  Edition  ;  with  Plates 
and  Woodcuts.   Crown  8vo.  lOs.  Gd. 

Fischer.  —  Francis   Bacon  of 

Verulam  :  Realistic  Philosojiliv  and  its 
Age.  By  Dr.  K.  Fischkb.  Translated 
by  John  Oxbnpord.  Post  8vo.  9s.  Gd 
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NEW  WOEKS  AND  NEW  EDITIONS 


Forester.  —  Hambles    in  the 

Islands  of  Corsica  and  Sai-dinia  :  Witli 
Notices  of  tlieir  History,  Anticiuities, 
and  present  Condition.  By  Thomas 
FoHESTEK.  With  coloured  Man ;  .and 
numerous  Lithofiraiiliic  and  Woodcut 
Illustrations  from  Drawings  made 
durins  the  Tour  by  Lieut.-Col.  M.  A. 
Biddulph,  H.A.  Imperial  8vo.  '28s. 

Garratt. — Marvels  and  Mysteries 

of  Instinct ;  or,  Curiosities  of  Animal 
Life.  By  Geohgk  Garratt.  Second 
Edition,  improved.   Fcp.  8vo.  4«.  Od. 

Gilbart.— A  Practical  Treatise 

on  Banking.  By  Jaues  WiLLiAir 
GiLBART,  F.li.S.,  General  Maiuiser  of 
the  London  and  Westmuiister  Banlc. 
Sixth  Edition,  2  vols.  12mo.  10s. 

Gilbart. — Logic  for  the  Million : 

a  Familiar  Exposition  of  the  Art  of 
Reasoning,  B^-  J.  W.  Gilbakt,  F.H.S. 
5th  Edition ;  with  Portrait.  12mo.  Ss.Od. 

Gleig.— Essays,  Biographical, 

Historical,  and  Miscellaneous,  contri- 
buted chiefly  1o  the  Edinburgh  and 
Quarterly  Reviews.  By  tlie  Kev.  G.  K. 
Gleig,  M.A.,  Chaplain- General  to  the 
Forces,  and  Prebendary  of  St.  Paul's. 
2  vols.  8vo.  price  21s. 

The  Poetical  Works  of  Oliver 

Goldsmith.  Editcdby  Bolton  Cornet, 
Esq.  Illustrated  by  Wood  Engravings, 
from  Designs  by  Members  of  tlie 
Etching  Club.  Square  crown  8vo. 
cloth,  21s. ;  morocco,  £1. 16s. 

Gosse.— A  Naturalist's  Sojourn 

in  Jamaica.  By  P.  H.  GOSSB,  Esq. 
With  Plates.  Post  8vo.  lis. 

Greathed.— Letters  from  Delhi 

durmg  the  Siege.  By  H.  II.  Greathed, 
Esq.,  Political  Agent.  Post  8vo. 

Green.— Lives  of  the  Princesses 

of  England.  By  Jlrs.  Mary  Anne 
Everett  Green,  Editor  of  tlie  Letters 
of  Royal  and  Illustrious  Ladies.  With 
numerous  Portraits.  Complete  in  6 
vols,  post  8vo.  10s.  6d.  each, 

Greyson.— Selections  from  the 

Correspondence  of  R.  E.  GRErsoN,  Esq. 
Edited  by  the  Author  of  The  Eclipse  of 
Faith.  New  Edition.  Crown  8vo.  7s.  Od. 

Grove. — The  Correlation  of  Phy. 

sical  Forces.  By  W.  R.  Grote,  Q.C. 
M.A.    Third  Edition.  Svo.  Ts. 


Gurney.— St.  Louis  and  Henri 

IV.:  Being  a  Second  Series  of  Histo- 
rical Sketclies.  By  the  Rev.  John  H. 
GuBNJsr,  M.A.   Fcp.  8vo.  6s. 

EveningRecreations;  or,  Samples 

from  the  Lecturc-Uoom.  Edited  by 
Rev.  J.  II.  Gurnet.  Crown  8vo.  Ss, 

Gwilt's  Encyclopaedia  of  Archi- 
tecture, Historical,  Theoretical,  and 
Practical.  By  Joseph  Gwilt.  With 
more  than  1,(100  Wood  Engravings,  from 
Designs  by  J.  S.  Gwilt.  8vo.  42s. 

Hare  (Archdeacon).— The  Life 

of  Luther,  in  Forty-eight  Historical 
Engravings.  By  Güstav  König. 
With  Exnlanations  by  Archdeacon 
Hare  and  Susannah  Winkwoeth. 
Fcp.  Ito.  28s. 

Harford.^ — Life  of  MichaelAngelo 

Buonarroti  :  With  Translations  of 
many  of  his  Poems  and  Letters  :  also 
Memoirs  of  Savonarola,  Raphael,  and 
VittoriaColoiuia.  By  John  S. Harford, 
Esq.,  D.C.b.,  F.K.S.  Second  Edition, 
revised;  with 20  Plates.  2  vols. Svo.  25s. 

Illustrations,  Architectural  and 

Piclorioal,  of  the  Genius  of  Michael 
Angelo  Buonarroti.  With  Descriptions 
of  the  Plates,  by  the  Commendatorc 
Canina;  C.  R.  CoCKErell,  Esq.,  R.A.; 
and  J.  S.  Harford,  Esq.,  D.C.L.,  F.R.S. 
Folio,  73s.  6d.  hall-bound. 

Harrison.  —  The  Light  of  the 

Forge  ;  or,  Counsels  from  the  Sick-Bed 
o''  E.M.  By  the  Rev.  W.  Harrison, 
M.A.,  Domestic  Chaplain  to  the 
Duchess  of  Cambridge.   Fcp.  8vo.  Ss. 

Harry   Hieover's  Stable  Talk 

and  Table  Talk  ;  or.  Spectacles  for 
iöung  Sportsmen.  New  ildition.  2 
vols.  Svo.  Portrait,  Sis. 

Harry  Hieover.— The  Hunting- 
Field.  By  Harrt  Hieover.  With 
Two  Plates.  Fcp.  8vo.  5s.  half-boimd. 

Harry  Hieover.  —  Practical 

Horsemanship.  Second  Edition  ;  with 
2  Plates.  Fcp.  8vo.  5s.  half-bound. 

Harry  Hieover. — The  Pocket  and 

the  Stud ;  or,  Practical  Hints  on  the 
Management  of  the  Stable.  By  Habet 
Hieover.  Fcp.  8vo.  Portrait,  5s. 

Harry  Hieover  — The  Stud,  for 

Practical  Purposes  and  Practical  Men : 
Being  a  Guide  to  the  Choice  of  a  Horse 
for  use  more  than  for  show.  Fcp.  5s. 


PXJBIilSHED  UY  LONGMAK,  BEOWX,  AND  CO. 
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Hassall. — A  History  of  the  Bri- 
tish Kresliwator  Ali;;o  :  Includiii;; 
Desi'rii'tious  of  the  IJesiniilea'  and 
Diatomacea;.  liy  Aktuuu  Hill  Has- 
KALL,  M.l).  2  vols.  bvo.  with  103 
Plates,  £1.  153. 

HassalL—Adulterations  Detect- 
ed; or.  Plain  Instrnotioiis  for  the  Dis- 
covery of  Frauds  in  Food  and  MotUcino. 
liv  Akthvu  Hill  Hassall,  M.1>. 
Lond.,  Analyst  of  T/ie  Lancet  .-^anitary 
Commission,  and  AutUorof  the  Ueiunts 
of  that  Commission  published  under 
the  title  Food  uml  its  Adulterations 
(winch  may  also  be  had,  in  Svo.  i>rico 
28s.)  With  iiö  Illustrations,  engraved 
on  Wood.  Crown  8vo.  17s.  6d. 

Col.  Hawker's  Instructions  to 

Yomii;  Üponsnien  in  all  tliat  relates  to 
Guns  and  Shootinj,'.  IWtli  fciiUtion,  re- 
vised bv  the  Author's  Son,  Major  1'. 
W.  L.  Hawkek.  With  Portrait,  Plates, 
and  Woodcuts.  Svo.  21a. 

Haydn's  Book  of    Dignities : 

Containing'  Uolls  of  tlieOtlieial  Person- 
ages of  the  Uriiisli  Enii)ire,  Civil,  Kc- 
clesiastical,  Jiidicial,  Jlditary,  Naval, 
and  Municipal,  from  the  Earliest  Pe- 
riods to  the  I'resent  Time.  Together 
with  the  SoveVfi^rns  of  F-urope,  from 
the  Foundation  of  tlieir  respective 
States ;  the  I'eerage  and  Nobility  of 
Great  I'ritain,  Jtc.  8vo.  25s. 


Ha3rward.  —  Biographical  and 

Critical  Essays,  reprinted  from  He- 
views,  with  Additions  and  Corrections. 
By  A.  HAi  WAiiU,  Esq.,  y.C.  2  vols. 
8vo.  248. 


The  Heirs  of  Cheveleigh :  A 

Novel.  By  Gekvaisj:  Aubüit.  a  vols, 
post  8vo.  31s.  üd. 


Sir  John  Herschel's  Outlines  of 

Astronomy.  Fifth  Edition,  revised 
and  corrected  to  tlie  existinu'  state  of 
astronomical  knowledge  ;  with  Plates 
and  Woodcuts.  8vo.  lbs. 

Sir   John   Herschel's  Essays 

from  tlie  Ediuljurtih  and  Qiiartor/i/ 
Eemews,  with  Addresses  and  otlier 
Pieces.  8vo.  IBs, 


HinchliflF.  —  Summer  Months 

among  tlie  Alps :  With  tlie  Ascent  of 
Monte liosa.  By  Tiio.s.  W.  Hijtchliff 
Barrister-at-Law.   Post  8vo.  10s.  6d  ' 


Hints  on  Etiquette  and  the 

I' sages  of  Society:  With  a  Glance  at 
l>ad  Habits.  New  Edition,  revised 
(«itli  Adilitions)  by  a  Lady  of  Rank, 
r  cp.  Svo.  2s.  Cd. 

Holland. — Medical  Notes  and 

ixellections.  l!y  Sir  Hkjvhy  Holland, 
M.D.,  F.U.S.,  cVc,  Physician  in  Ordi- 
nary to  tlie  Queen  and  Prince-Consort. 
Third  EtUtioii.  8vo.  18s. 

Holland.— Chapters  on  Mental 

Pliy siology .  By  !Sir  Henky  IIollan  d, 
Bart.,  F.K.S.,  &c.  Founded  chicHy  on 
Chapters  contained  in  Medical  Notes 
and  liijleclions  by  the  same  Author. 
Second  Edition.  Post  8vo.  8s.  6d. 

Hooker. — Kew  Gardens  ;  or,  a 

Popular  Guiile  to  the  Iloyal  Botanic 
Gardens  of  Kew.  By  Sir  William 
Jackson  Hooker,  K.H.,  &c.,  Direc- 
tor. With  many  Woodcuts,  lümo.  üd. 

Hooker's  Museum  of  Economic 

Botany  ;  or,  I'opular  Guide  to  the 
Useful  and  Keniarkable  Vegetable 
Products  of  the  Museum  in  the  Iloyal 
CiiU'tleus  of  Kew.   lümo.  Is. 

Hooker  and   Amott's  British 

Flora;  comprising  tlie  Plueiiogamous 
or  Flowering  Plants,  and  the  F'erns. 
Seventh  Edition,  with  Additions  and 
Corrections ;  aiul  numerous  Figures 
illustrative  of  tlie  UrabellilerousPlants, 
the  Composite  Phuits,  the  Grasses,  and 
the  Ferns.  12mo.  with  12  Plates,  Us. ; 
with  the  I'lates  coloiu-ed,  2l8. 

Home's    Introduction  to  the 

(Critical  Study  and  Knowledge  of  the 
Holy  Scriptures.  Tenth  Edition,  re- 
vised, corrected,  an<l  brought  down  to 
tlie  prcRenl  time.  Edited  by  tlie  Hev. 
T.  Haktwell  Hoii:;E,  ii.D.  (the 
Author);  the  Kev.  Samuel  Davidsox, 
D.D.  of  tlie  I'nivcr.Mty  of  Halle,  and 

LL.H.  ;  and  S.  PbIDEAUX  TliEGELLES, 

L1..D.  With  i  Maps  and  22  Vignettes 
and  Facsimiles,  tl  vols.  8vo.  Jt3.  ISs,  Cd. 

Home.— A  Compendious  Intro- 
duction to  the  Study  of  the  Bible.  By 
the  Kev.  T.  Habtwell  Hoicne,  B.D. 
New  Edition,  v.  itli  Maps,  &c.  12mo.  Üs. 

Hoskyns.— Talpa  ;  or,  the  Chro- 
nicles of  a  Clay  Farm  :  An  Agricultural 
Fragment.  By  Chanuos  When 
HosKYji;j,Esq.  Fourth  Edition.  Witli 
at  Woodcuts  from  Designs  by  Gkohüe 
CBUIKällAJCK.    IGmo.  Of.  Gd. 
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NEW  WOEKS  AND 


NEW  EDITIONS 


How  to  Nurse  Sick  Children  : 

Inteiuled  especially  as  a  Hel|)  to  the 
Nurses  in  the  Hospital  for  Sick  Chil- 
dren ;  but  containing  Directions  of 
service  to  all  who  have  the  charge  of 
the  Young.   Fcp.  8vo.  Is.  6d. 


Howitt  (A.  M.)— An'  Art-Stu- 
dent in  Munich.  By  Anna  Maky 
Howitt.  2  vols,  post  Svo.  14s. 


Howitt. — The  Children's  Year. 

iiy  Makt  Howitt.  With  Four  Illus- 
trations.   Square  ICnio.  5s. 


Howitt.  —  Tallangetta,  the 

Squatter's  Home  :  A  Story  of  Austra- 
lian Life.  By  William  Howitt. 
2  vols,  post  8vo.  18s. 

Howitt.  —  Land,  Lahour,  and 

Gold ;  or,  Two  Years  in  Victoria  :  With 
Visit  to  Sydney  and  Van  Dienien's 
Land.  By  William  Howitt.  Second 
Edition.  2  vols,  crown  8vo.  10s. 

W.Howitt'sVisits  toRemarkable 

Places :  Old  H.alls,  Battle-Fields,  and 
Scenes  illustrative  of  Striking  Pass.i^es 
in  English  History  and  Poetry.  With 
ahout  80  Wood  Engravings.  A'ejc  EiH- 
tion.   2  vols,  square  crowi  8vo.  25s. 

William  Hewitt's  Boy's  Coun- 
try Book  :  Being  the  Heal  Life  of  a 
Country  Boy,  written  by  himself;  ex- 
hibiting all  the-^musements,  Pleasures, 
and  Pursuits  of  Children  in  the  Coun- 
try. AVith  40  Woodcuts.  Fcp.  8vo,  6s. 

William  Howitt's  Rural  Life  of 

England.  AVith  Woodcuts  by  Bewick 
and  Williams.  Medium  8vo.  21s. 


Hue.  —  Christianity  in  China, 

Tartary,  and  Thibet.  By  M.  I'Abbg 
Hue,  formerly  Missionary  Apostolic 

1      in  China.    Vols.  \.  and  II.  8vo.  21s. ; 

j      and  Vol.  Ill  10s.  Cd. 

I  Hue.  —  The   Chinese   Empire : 

A  Sequel  to  Hue  and  Gabet's  Journey 
t/irough  Tartar!/  atid  Thibet.  By  the 
Abbd  Hue,  formerly  Missionary  Apos- 
tolic in  Clima.  Second  Edition;  with 
Map,  2  vols.  Svo.  24s. 

Hudson  and  Kennedy's  Ascent 

of  Mont  Blanc  by  a  New  Koute  and 
AVithout  Guides.  Second  Edition,  with 
Plate  and  Map.    Post  8vo.  5s.  6d. 


Hudson's  Plain  Directions  for 

JIaking  Wills  in  conformity  with  the 
Law :  With  a  clear  Exjiosition  of  the 
1..1W  relating  to  the  distrilmtion  of 
Personal  Estate  in  the  case  of  Intes- 
tacy, two  Forms  of  Wills,  and  much 
useful  information.   Fcp.  8vo.  2s.  öd. 

Hudson's    Executor's  Guide. 

New  and  improved  Ediliun ;  with  the 
Statutes  enacted,  and  the  .ludicial 
Decisions  pronounced  since  the  last 
Etlition  incorporated.   Fcp.  8vo.  Cs. 

Humboldt's  Cosmos.  Translated, 

with  the  Author's  authority,  by  Mrs. 
Sabise.  Vols.  I.  and  II.  IGmo. 
Half-a-Crown  each, sewed  ;  3s.  fid.  each, 
doth;  or  in  post  Svo.  l!!s.  each,  cloth. 
Vol.  III.  post  8vo.  12;?.  Cd.  cloth:  or 
in  ICuio.  Part  I.  2s.  Cd.  sewed,  ;?s.  Cd. 
cloth  ;  and  Part  II.  3s.  sewed,  4s.  cloth. 
Vol.  IV.  Part  I.  post  8vo.  15s.  cloth  ; 
IGmo.  7s.  Cd.  cloth. 

Humboldt's  Aspects  of  Nature. 

Translated,  with  the  Author's  autho- 
rity, by  Mrs.  Sadine.  Ifimo.  price  Gs. : 
or  in  2  vols.  3s.  Gd.  each,  cloth;  2s.  Cd. 
each,  sewed. 

Humphreys.—  Parables  of  Our 

Lord,  illuminated  and  oniamcnted  in 
the  style  of  the  Missals  of  the  Benais- 
sance  by  H.  N.  Hujiphkkys.  Square 
fcj).  8vo.  21s.  in  massive  carved  covers  ; 
or  303.  bound  in  morocco,  by  Hayday. 

Hunt  — Researches  on  Light  in 

its  Chemic.il  Belations ;  emlmu-ing  n 
Consideration  of  .all  the  Photograpliic 
Processes.  By  Robert  Hunt.  F.B.S. 
Second  Edition,  with  Plate  ana  Wood- 
cuts. 8vo.  lOs.  6d. 

Hutchinson.  —  Impressions  of 

Western  Africa  :  Willi  a  Bcport  on  the 
Peculiarities  of  Trade  ui)  the  Rivers  in 
the  Bight  of  Biafra.  By,l.  T.  HuTcniN- 
SON,  Esq.,  British  Coiisulfor  the  Piglit 
of  Biafra  and  the  Island  of  Fernando 
Po.   Post  Svo.  8s.  Gd. 

Idle.— Hints  on  Shooting,  Fish- 
ing, &c.,  both  on  Sea  and  Land,  and 
in  the  Fresh-Water  Lochs  of  Scotland : 
Being  the  Experiences  of  C.  Idle,  Esq. 
Fcp.  8vo.  5s. 

Mrs.  Jameson's  Legends  of  the 

Saints  and  Martyrs,  as  represented  in 
Christian  Art  :  Fonniiig  the  First 
Series  of  Sacred  and  Leiiendar!/  Art. 
Third  Edition;  with  17  Etchings  and 
upwards  of  180  Woodcuts.  2  vols, 
square  crown  8vo.  31s.  Cd. 


PUBLISHED  BY  LONGMAN,  BEOWN,  AND  CO.  13 


Mrs.  Jameson's  Legends  of  the 

Müiiiuitic  Orders,  as  represented  in 
Christian  Art.  Foruiin«  the  Skcond 
Skkies  of  Sacred  and  Letiendarti  Art. 
Second  Edition,  enlarged;  with  U 
Ktehings  by  the  Author  and  88  Wood- 
j      cuts.   Square  crown  !?vo.  "iSs. 

.  Mrs.  Jameson's  Legends  of  the 

.Madonna,  as  represented  in  Christian 
Art:  ForniiuK'  the  Tumn  Skkiks  ot 
Sacred  and  Legendary  Art.  Second 
Edition,  corrected  and  enhirjied  ;  with 

I      27  Etclnn>;s  and  105  Wood  En>;ravinKs. 

j      Square  crown  8vo.  288. 

Mrs.  Jameson's  Commonplace- 

!  Hook  ot  Thouu'hts,  Memories,  and  Ean- 
\  cies,  Oriijini^l  and  Selected.  Second 
'  Edition,  revised  and  coriected  ;  with 
Etcliinss  and  Woodcuts.  Crown  8vo. 
i      price  ISs. 

,  Mrs.  Jameson's  Two  Lectures  on 

I      the  Employment  of  Women :  — 

1.  Sisters  of  Ciiaritt,  Catholic  and  Pro- 

trst.int,  Abroad  and  at  Homr.  Second 
£(/i<ioii,  with  new  Preface.  Fcp.  »%0. 4s. 

2.  The  ToMMUNioN  of  I.vbocr:  A  Second 

Lecture  on  the  Social  Emplovments  of 
Women.   Fcp.  8vo.  3j. 

Jaquemet's     Compendium  of 

!  Chronology  :  Containing  the  most  ini- 
|X)rtant  Dates  of  General  History,  Po- 
litical, Ecclesi:i3tical,  and  Literary, 
from  the  Creation  of  the  World  to  the 
end  of  the  Year  1854.   Post  8vo.  78. 6d. 

Jaquemet's      Chronology  for 

I  Schools  :  ('ontainini,'  the  moat  inipor- 
I  tant  Dates  of  (iencral  History,  Politi- 
I  cal,  Ecclesiiistical,  and  Literary,  from 
I  the  Creation  of  the  World  to  the  end  of 
the  Year  18.")7.   Fcp.  8vo.  3s.  6d. 

Lord  Jeffrey's  Contributions  to 

The  Edinhurgh  Ilevicw.  A  New  Edi- 
tion, complete  in  One  Volume,  with 
Portrait  and  Vignette.  Square  crown 
8vo.  21s.  cloth;  or  SOs.  calf.  — Or  in 
3  vols.  8vo.  price  428. 

Bishop  Jeremy  Taylor's  Entire 

Works:  With  Life  by  Bishop  Hebhr. 
Hoviscd  and  corrected  by  the  He  v. 
CnAHi.ES  Pagk  Edkx,  Fellow  of  Oriel 
(,'olIeRe,  Oxford.  Now  complete  in  10 
vols.  8vo.  lOs.  6d.  each. 

Kemble.  —  The  Saxons  in  Eng- 
land :  A  History  of  the  English  Com- 
monwealtli  fill  the  Conquest.  Hy  J.M. 
Kbublb,  M.A.  2  vols.  8vo.  28s. 


Keith  Johnston's  Dictionary  of 

tieography,  Descrijitive,  Physical,  Sta- 
tistical, and  Historical:  Forming  a  com- 
plete (ieneral  Oazetteer  of  the  World. 
Second  Edition,  thoroughly  revised. 
In  1  vol.  of  1,800  pages,  comi)ri8ing 
about  50,(i(H)  Names  of  Places,  8vo.  368. 
cloth ;  01  half-bound  in  russia,  41s. 


Kesteven.  —  A  Manual  of  the 

Domestic  Practice  of  Medicine.  By 
W.  11.  Kksthven,  F.H.C.S.E.,  &c. 
Square  post  8vo.  7s.  Cd. 


Kirby  and  Spence's  Introduction 

to  Entomology ;  or,  Elements  of  the 
Natural  History  of  Insects:  Compris- 
ing an  Account  of  Noxious  and  Useful 
Insects,  of  thcii  Metamorphoses,  Food, 
Stratagems,  Habitations,  Societies, 
Motions,  Noises,  Hybernation,  Instinct, 
&c.  Seventh  Edition,  with  an  Appen- 
dix relative  to  the  Origin  and  Progress 
of  the  work.  Crown  8vo.  os. 


Lardner's  Cabinet  Cyclopaedia  of 

History,  Biography,  Literature,  the 
Arts  and  Sciences,  Natural  History, 
and  Manufactures.  A  Series  of  Original 
Works  by  Kminent  Wiutehs.  Com- 
plete ill  l;i2  vols.  fcp.Svo.  with  Vignette 
Titles,  price  itli).  19s.  cloth  lettered. 

The  Works  separately,  in  single 
Volumes  or  Sets,  iirico  3s.  Cd.  each 
Volume,  cloth  lettered. 

Mrs.  R,  Lee's  Elements  of  Na> 

tural  History  ;  or.  First  Principles  of 
ZooloCT  :  Comprising  the  Principles  ot 
Classific.'itioii,  interspersed  with  amus- 
ing and  instructive  Acc-ouiits  of  the 
most  remarkable  Animals.  New  Edi- 
tion ;  Woodcuts.   Fcp.  8vo.  78.  6d. 

The  Letters   of  a  Betrothed. 

Fcp.  8vo.  ))rice  ös.  doth. 

Letters  to  my  Unknown  Friends. 

By  a  Lady,  Autlior  of  Lettern  on  Hap- 
piness.   Fourth  Edition.   Fcp.  8vo.  58. 

Letters  on  Happiness,  addressed 

to  a  Friend.  l!y  tlic  Author  of  Letter» 
to  my  Unknown  Friend*.   Fcp.  8vo.  Gs. 

L.E.L.  —  The  Poetical  Works  of 

Letitia  Eli/abetb  Landon  ;  comprising 
the  ImproriKatrice,  the  Venetian  Brace- 
let, the  Go/den  Violet,  the  Troubadour, 
and  Poetical  Remains.  2  vols.  ICmo. 
lOs.  cloth  ;  morocco,  2l8. 
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NEW  WOEKS  AND  NEW  EDITIONS 


Dr.  John  Lindley's  Theory  and 

Pi-actice  of  Horticulture ;  or,  an  At- 
tempt to  explain  the  pi-iiicipal  Opera- 
tions of  Garileuinpc  upon  Pliysiolosical 
Grounds  :  Being  the  Second  Edition  of 
the  Theory  of  Uorilculture,  much  en- 
larged ;  with  98  Woodcuts.  8vo.  21s. 

Dr.  John  Lindley's  Introduction 

to  Botany.  New  Edition,  with  correc- 
tions and  copious  Additions.  2  vols. 
8vo.  with  Plates  and  Woodcuts,  24s. 

Linwood.  —  Anthologia  Oxoni- 

ensis,  sive  Florilesium  e  Lusibus  jjoet- 
icis  diversormn  Oxouiensium  Grajcis 
et  Latinis  decerptum.  Curante  GuLi- 
BLMO  Linwood.  M.A.  8vo.  lis. 

Lorimer's  Letters  to  a  Young 

Master  Mariner  on  some  Subjects  con- 
nected with  his  Callui^',  Fcp.  Svo. 
Ijrice  5s.  6d. 

Loudon's  Encyclopaedia  of  Gar- 
dening :  Compriising  the  Tlieory  and 
Practice  of  Horticulture,  Floriculture, 
Aboricultui-e,  and  Landscape-Garden- 
ing.   With  I.ÜOÜ  Wofjdcuts.    Svo.  öOs. 

Loudon's  Encyclopaedia  of  Trees 

and  Shrubs,  or  Ahoretum  et  Friietice- 
tumBrUannicum  abridged :  Containing 
the  Hardy  Trees  and  »Sbrubs  of  Great 
Britain,  Native  and  Forcisni,  Scienti- 
fically and  Popularly  Described.  With 
about  2,0(10  Woodcuts.  Svo.  50s. 

Loudon's  Encyclopaedia  of  Agri- 

ciüturo :  Comprising  the  Theory  and 
Practice  of  the  Valuation,  Transfer, 
Laying -out.  Improvement,  and  Ma- 
nagement of  Landed  Proijerty,  and  of 
the  Cultivation  and  Economy  of  the 
Animal  and  Vegetable  Productions  of 
Agriculture.  With  1,100  Woodcuts. 
8vo.  31s.  6d. 

Loudon's  Encyclopaedia  of  Plants : 

Comprising  the  Specific  Character, 
Description,  Cultiu'e,  History,  Applica- 
tion in  the  Arts,  and  everj'  other  de- 
sirable Particular  respectmg  all  tlie 
Plants  foimd  in  Great  Britain.  Witli 
upwards  of  12,000  Woodcuts.  8vo. 
price      13s.  Gd. 

Loudon's  Encyclopaedia  of  Cot- 
tage, Farm,  and  Villa  Arcliitectnre  and 
Furniture.  New  Edition,  edited  by 
Mrs.  Loudon  ;  with  more  than  2,000 
Woodcuts.  8vo.  C3s. 

Loudon's  Hortus  Eritannicus  ; 

or.  Catalogue  of  all  the  Plants  found  in 
Great  Britain.  New  Edition,  corrected 
by  Mrs.  Loudon.  8vo.  31s.  Gd, 


Mrs.  Loudon's  Lady's  Country 

Comi)anion ;  or.  How  to  Enjoy  a 
Country  Life  Rationally.  l-outth 
Edition.      Fcp,  8vo.  5s. 

Mrs.  Loudon's  Amateur  Gar- 
dener's Calendar,  or  Monthly  Guide  to 
what  sliould  be  avoided  and  done  in  a 
Garden.  Second  Edition,  revised. 
Crown  8vo.  with  Woodcuts,  7s.  6d. 

Low's   Elements  of  Practical 

Agriculture ;  comprehending  the  Cul- 
tivation of  Plants,  the  Husliandry  of 
the  Domestic  Animals,  and  the  Eco- 
nomy of  the  Farm.  New  Edition ; 
with  200  Woodcuts.  8vo.  21s, 

Macaulay.  —  Speeches  of  the 

Right  Hon.  Lord  Macaulat.  Corrected 
bj' Himself.   Svo.  12s. 

Macaulay.  —  The  History  of 

England  from  the  Accession  of  James 
II.  By  the  Right  Hon.  Lord  Ma- 
CAUXAY.  New  Edition.  Vols.  I.  and 
II.  8vo.  32s. ;  Vols.  III.  and  IV.  36s. 

Lord  Macaulay's  History  of  Eng- 
land from  the  Accession  of  James  II. 
New  Edition  of  the  first  Four  Volumes 
of  the  Octavo  Edition,  revised  and 
corrected.  7  vols,  post  8vo.  6s.  each. 

Lord  Macaulay's  Critical  and 

Historical  Essays  contributed  to  The 
Edinburgh  Review.   Four  Editions  :— 

1.  A  Library  Edition  (the  Eighth),  in 

3  vols.  6vo.  price  3Gs. 

2.  Complete  in  One  Volume,  with  Por- 

trait and  Vignette  Square  crown 
8vo.  price  2l8.  cloth  ;  or  30s.  calf. 

3.  Another  New  Edition,  in  3  vols.  fcp. 

8vo.  price  2l8.  cloth. 

4.  The  People's  Edition,  in  2  vols. 

crown  Svo.  price  8s.  cloth. 

Macaulay.  —  Lays  of  Ancient 

Rome,  with  Ivr;i  and  the  Armada.  By 
the  Right  Hon.  Lord  Macaulay. 
Now  Edition.  Iflmo.  price  4s.  6d,  cloth; 
or  10s.  6d.  bound  in  morocco. 

Lord  Macaulay's  Lays  of  Ancient 

Rome.  With  numerous  Illustrations, 
Original  and  from  the  Antique,  drawn 
on  Wood  by  George  Scharf,  jun.  Fcj). 
4to.  21s.  boards ;  or  42s.  bound  m 
morocco. 

Mac  Donald.— Poems,  By  George 

Mac  Donald,  Author  of  Within  and 
Without.  Fcp.  8vo.  7s. 
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Mac    Donald.  —  "Within    and  ; 

Without  :  A  Draiuutio  Poem.  Bv 
Geougb  Mac  Donald.  Fcp.  8vo.  48. 6i.l. 

Mac  Dougall.  —  The  Theory  of 

W'iir  ilUistruted  by  luuueroiis  Kxainples 
tVom  History.  Hy  Lieuleiumt-Colonel 
Mac  Dougall,  C'oniiiuuuUiiit  ot'  tlio 
iStaff  College.  Second  Edition,  revisi'il. 
Post  8vo.  with  riiins,  10s.  «kl. 

Mac  Dougall.  —  The  Campaigns 

uf  lliiiiiliUll,  arranged  ami  critically 
consiilore.l,  expressly  tor  the  use  of  Stu- 
dents of  Mililary  History.  l!y  Lieut.- 
Col.  P.  L.Mac  UolGALL, Couniiandant 
of  the  Stall  College.  Post  8vo.  7s.  6d. 

M'Dougall.  —  The  Eventful 

\o\:u;i.'o{ II. M.Di^coccr;/ S/iii>  Hcsohitc 
to  the  Arctic  lleyions  in  i<C(irc/t  of  Sir 
John  Franklin  and  the  Miaxing  Crewa 
of  ll.il.  Discovery  Sliiits  Krebus  and 
Terror,  ltCr2,  IKj:;,  IS51.  Hy  Geouge  F. 
M'DocGALL,  Master.  With  a  coloured 
I  Chart,  Illustrations  in  Lithography, 
and  Woodcuts.  8vo.  21s, 

:  Sir  James  Mackintosh's  Miscel- 

I  laneous  Works  :  Includini;  his  Contri- 
butions to  The  Kiüiibursl»  lleview. 
Complete  in  One  Volume ;  with  Por- 
trait and  Vigjiette.  Siiuare crown  8vo. 
21s.  cloth;  or  30s.  bound  in  c;Uf;  or  in 
3  vols.  fcp.  8vo.  21s. 

Sir  James  Mackintosh's  History 

of  Ens,'land  from  the  Earliest  Times  to 
tlie  final  Estublishmenl  of  the  Ittlorm- 
ation.  2  vols.  8vo.  2l8, 

Macleod.— The  Elements  of  Po- 
litical Kcononiy.  liy  IIi-nky  Dunnijtg 
Macllod,  Harrister-al-Law.  bvo.  lOs. 

Macleod.  —  The  "Theory  and 

Practice  of  Bankin-;:  With  the  Ele- 
mentary Principles  of  Currency,  Prices, 
Credit,  and  Excluuiges.  Hy  Henky 
DüNNiNG  Macleod, Uarrister-at-Law. 
2  vols,  royal  Svo.  30s. 

M'Culloch's  Dictionary,  Prac- 
tical, Theoretical,  and  Hi-storical,  of 
Commerce,  and  Commercial  Navi- 
gation. Illustrated  witli  Maps  and 
Plans.  New  Edition,  corrected ;  with 
Supplement.  Svo.  üOs.  cloth;  half- 
russia,  5Ö3. 

M'Culloch's    Dictionary,    Geo-  | 

graphical,  Statistical,  and  Historical 
of  the  v.arious  Countries,  Places,  and  1 
i)rinciij(il  Natural  Obiects  in  the  VVorld. 
Illusl^tited  with  SLx  large  Maps.   New  ! 
Edition,  revised.  2  vols.  Svo.  SJs. 


Maguire.  —  Rome ;    its  Ruler 

and  its  Institutions.  Ijv.Tohn  Kuancis  i 
Magvike,  M.l'.    With  a  Portiait  of 
Pope  Pius  IX.   Post  Svo.  10s.  Cd. 


Mrs.  Marcet's  Conversations  on 

Natural  Philosojüiy,  in  which  the  Ele- 
ments of  that  iScience  are  familiarly  ex- 
plained. Thirteenth  Edition,  enlarged 
and  corrected;  with  31  I'lates.  Pep. 
Svo.  price  10s.  Cd. 

Mrs.  Marcet's  Conversations  on 

Chemistry,  in  which  the  Elements  of 
that  Science  ai'e  familiarly  explained 
and  illustrated  by  Experiments.  New 
Edition,  improved.  2  vols.  fcp.  8vo.  lis. 

Martineau.  —  Studies  of  Chris- 
tianity: A  Series  of  Original  Papers, 
now  first  collected,  or  New.  Bj'  .Iamks 
Mahtineau.  Crown  8vo.  7s.  Cd. 

Martineau.  —  Endeavours  after 

the  Cliristian  Life :  Discourses.  By 
James  MAHTiNEAr.  2  vols,  post  8vo. 
price  7s.  Cd.  each. 

Martineau,  —  Hymns  for  the 

Christian  Church  ;uid  Home.  Col- 
lected and  edited  by  James  Maktineau. 
Eleventh  Edition,  12mo.  3s.  6d.  cloth, 
or  5s.  calf ;  Fifth  Edition,  a2mo.  is.  id. 
cloth,  or  Is.  8d.  roan. 

Martineau.— Miscellanies;  Com- 
prising lOssays  chiefly  religious  and 
controversial.  By  James  MAitTUfEAU. 
Crown  8vo.  9s. 

Maunder's  Scientific  and  Lite-  i 

rary  Treasury  :  A  new  and  popiUar 
Encydopa'dia  of  Science  and  the  IJelles-  | 
Lettres;    including  all  Bnmches  of 
Science,  and  every  subject  connected 
with  Literature  and  Ai-t.   Pep.  Svo.  10s. 

Maunder 's  Biographical  Trea- 
sury ;  consistingof  Memoirs,  Sketches, 
anil  brief  Notices  of  alxive  12,(iO()  Emi- 
nent Persons  of  All  Ages  and  Nations, 
from  the  Earliest  Period  of  History: 
Fonniuf^  a  complete  Dictionary  of  Uni- 
versal Biography.   Fcj).  8vo.  10s, 

Maunder's  Treasury  of  Know- 

leilgc,  and  Library  of  Hcfercncc  ;  com- 
prising an  English  Dictionary  and 
(irajnmar,  a  Universal  Gazetteer,  a 
Classical  Dictionary,  a  Chronology,  a 
Law  iJictionary,  a  Synopsis  of  the 
Peerage,  numerous  useful  Tables,  &c. 
Fcp.  Svo.  10s. 
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Maunder's  Treasury  of  Natural 

History ;  or,  a  Popular  Dictionary  of 
Animated  Nature :  In  which  tlie 
Zoolof;ical  Cliaracteristics  tliat  dis- 
tineuisli  the  different  Classes,  Genera, 
and  Species,  are  combined  with  a 
variety  of  interesting  Information  illus- 
trative of  the  Habits,  Instincts,  and 
General  Economy  of  the  Animal  King- 
dom.  With  900  Woodcuts.   Fcp.  10s. 

Maunder's  Historical  Treasury ; 

comprisins;  a  General  Introductory 
Outline  of  Universal  History,  Ancient 
and  Modern,  and  a  Series  of  Separate 
Histories  of  every  principal  Nation 
that  exists;  their  Hise,  Profjress,  and 
Present  Condition,  the  Moral  and  Social 
Character  of  their  respective  Iidiabi- 
tants,  their  Kcligion,  Manners,  and 
Customs,  &c.   Fcp.  8vo.  10s. 

Maunder's  Treasury  of  Geogra- 
phy, Pliysical,  Historical,  Descriptive, 
and  Political ;  containing  asuccinct  Ac- 
count of  Pivery  Country  in  the  World : 
Preceded  by  an  Introductory  Outline 
of  the  History  of  Geography  ;  a  Fami- 
liar Inquiry  into  the  Varicl  ics  of  Race 
and  Language  exhibited  by  different 
Nations  ;  and  a  View  of  the  Relations 
of  Geography  to  Astronomy  and  the 
Physical  Sciences.  Comiileted  bv 
William  Hughes,  P.U.G.S.  With  7 
Maps  and  IG  Steel  Plates.  Fcp.  8vo.  10s. 

Merivale.  —  A  History  of  the 

Romans  under  the  Empire.  By  the 
Rev.  Charles  Mekivale,  B.D.,  late 
Fellow  of  St.  John's  College,  Cambridge. 
8vo.  with  Maps. 

Vols.  I  and  II.  comprising  the  History  to 
the  Fall  of /tiiius  Cmsar.  Second" Edition,  28s. 

Vol.  III.  to  the  Establishment  of  tlie  Mon- 
archy by  Axtgnstus.  Second  Edition  Hs. 

Vol  .  IV.  and  V.  from  Xwjus^tisto  Claudius, 
B.c  27  to  A.D.  51   32s. 

A'oL.  VI.  from  the  Reign  of  Nero,  a.D.  54,  to 
the  Fall  of  Jerusalem,  a.D.  70  IGs. 

Merivale.  —  The  Fall   of  the 

Roman  Republic :  A  Short  History  of 
Last  Century  of  the  Commonwealth. 
By  the  Rev.  C.  Merivale,  B.  D.,  late 
Fellow  of  St.  John's  College,  Cambridge. 
New  Edition.  12mo.  7s.  6d. 

Merivale    (Miss).  —  Christian 

Records  :  A  Short  History  of  Apostolic 
Age.  By  L.  A.  Mebivalb.  Fcp.  8vo. 
price  7s.  Cd. 

Miles. — The  Horse's  Foot  and 

How  to  Keep  it  Sound.  Einhf!i Edition; 
with  an  Appendix  on  Shoeingin  general, 
and  Hunters  in  particular.  12  Plates 
and  12  Woodcuts.  By  W.  Miles,  Esq. 
Imperial  8vo.  12s.  6d. 


Miles's  Plain  Treatise  on  Horse- 
shoeing. With  Plates  and  Woodcuts. 
Second  Edition.   Post  Svo.  2s.  | 

Milner's  History  of  the  Church  j 

of  Christ.   With  Additions  by  the  late 
Rev.  Isaac  MiLNEK,  D.D.,  F.R.S.  A 
New  Edition,  revised,  w  ith  additional  I 
Notes  by  the  Rev.  T.  Ghamjxaii,  B.D. 
4  vols.  8vo.  52s. 

James  Montgomery's  Poetical 

Works:  Collective  Edition;  with  the 
Author's  AntobiograiOiical  Prefaces, 
complete  in  One  Volume  ;  « ith  Portrait  1 
and  Vignette.     Square  crown   8vo.  j 
10s.  6d.  doth ;  morocco,  21s.— Or,  in  4  ] 
vols.  fcp.  8vo.  with  Plates,  Us. 

Moore.— The  Power  of  the  Soul 

over  the  Body,  considered  in  relation 
to  Health  and  Morals.  By  Geobge 
Moore,  M.D.  Fcp.  8vo.  6s. 

Moore.— Man  and  his  Motives. 

By  George  Moose,  M.D.  Fcp.  Svo.  6s. 

Moore.— The  Use  of  the  Body  in 

relation  to  the  Mind.    By  G.  Moobe, 
M.D.   Fcp.  8vo.  Cs. 

Moore.— Memoirs,  Journal,  and 

Correspondence  of  Tlionias  Moore. 
Edited  by  the  Right  Hon.  Lord  John 
Russell,  M.P.  Witli  Portraits  and 
Vignettes.   8  vols,  post  8vo.  £4.  4s. 

Thomas  Moore's  Poetical  Works : 

Comprising  the  Author's  Recent  Intro- 
ductions and  Notes.  The  Traveller'» 
Edition,  crown  8vo.  with  Portrait, 
12s.  6d.  cloth;  morocco  by  Hayday,  21s. 
— Also  the  Library  Edition,  with  Por- 
trait and  Vignette,  medium  8vo.  21s. 
cloth;  morocco  1)y  Hayday,  42s.— And 
the  First  collected  Edition,  in  10  vols. 
fcp.Svo.  with  Portrait  and  19  Plates,  358. 

Moore.  —  Poetry  and  Pictures 

from  Thomas  Moore  :  Being  Selections 
of  the  most  popular  and  admired  of 
Moore's  Poems,  copiously  illustrated 
with  highly-finished  Wood  Engravings 
from  original  Designs  by  eminent 
Artists.  Fcj).  4to.  price  21s.  cloth  ; 
or  "128.  boiuid  m  morocco  by  Hayday. 

Moore's    Songs,  Ballads,  and 

Sacred  Songs.  New  Edition,  printed 
in  Ruby  Type;  with  the  Notes,  and  a 
Vignette  from  a  Design  by  T.  Creswick, 
R.A.  32mo.  2s.  6d.  —  An  Edition  in 
IGmo.  with  Vignette  by  R.  Doyle,  5s.  j 
or  12s.  Cd.  morocco  by  Hayday. 


PUBLISHED  BY  LONaMAN,  BEOWN,  AND  CO. 


17 


Moore's  Sacred  Songs,  the  Sym- 
phonies ami  Aoc-oin|)aiiimoiits,arraut:ed 
for  One  or  more  \  oicos,  printed  with 
the  Words.    Imperial  Svo. 

[Ifeurli/  read!/. 

Moore's  Lalla  Bookh :  An  Ori- 
ental Romanee.  With  13  liiglily- 
finished  .Steel  Plates  from  Original 
Designs  bv  Corbonld,  Meadows,  and. 
Steiilianotf,  en^'raved  under  the  sujier- 
intendence  of  tlic  late  Charles  Heath. 
New  Kdilion.  Sciuare  crown  Svo.  15s. 
cloth ;  morocco,  "i^s. 

Moore's  Lalla  Eookh.  New 

Kdition,  printed  in  Huby  Type  ;  with 
the  Preface  and  Notes  from  tlie  collec- 
tive edition  of  Muoix's  Poetical  Works, 
and  a  Frontispiece  from  a  Desiifii  by 
Kenny  Meadows.  3imo.  2s.  6d. — An 
Kdition  in  16mo.  with  Viijnette,  üs. ;  or 
12».  C<l.  morocco  by  Hayday. 

Moore's  Lalla  Rookh.    A  New 

Kdition,  with  nuniero\is  Illustrations 
from  ori;;!nal  Desiirns  bv  .John  Tkn- 
NiEL,  engraved  on  Wood  by  the  Bro- 
thers JDalziel.   Fcp.  Uo. 

[/■/J  preparation. 

Moore's  Irish  Melodies.    A  New 

Kdition,  with  i:!  hiichly-finished  Steel 
Plates,  from  Orij;inal  Designs  by  emi- 
nent Artists.  .Sipiare  crown  8vo.  21s. 
cloth ;  or  Sis.  6d.  bound  in  morocco. 

Moore's  Irish  Melodies,  printed 

in  Ruby  Ty]>e;  with  the  Preface  and 
Notes  from  tlie  collective  edition  of 
Moore's  Poetical  Works,  the  Adver- 
tisements originally  prenxed,  and  a 
Portrait  of  the  Author,  .•{•'mo.  2».  6d. 
An  Kdition  in  lOnio.  with  Vijjnette,  ös. ; 
or  Vis.  6d.  morocco  by  Hnyday. 

Moore's  Irish  Melodies.  Illus- 
trated by  I).  Maclise,  R.A.  New  Kdi- 
tion ;  with  161  Desifrns,  and  the  wliole 
of  the  Letten>ress  enijravcd  on  Steel, 
by  F.  P.  Decker.  Supcr-roval  8vo. 
81s.  6d.  boards ;  or  £2. 12».  Gd.  morocco. 

Moore's   Irish   Melodies,  the 

Music,  namely,  the  Symplioiiies  and 
Accompaniments  by  Sir  Joii.v  Stkvev- 
SON  and  Sir  Hk.vky  Bishop,  jirinled 
with  the  Words.  Iin))erial  .Svo.  ;ils.  6d. 
cloth ;  or  42s.  h.ilf-bound  in  morocco. 

The    Harmonised    Airs  from 

.Moore's  Irisli  Moloclics,  as  oriKinalli' 
arraiiffod  for  Two,   Three,  or  Four 
Voices,  printed  with  the  Words.  Imj). 
8vo.  1.5s.  doth ;  or  20s.  half-bound  in  I 
morocco,  I 


Moore's  National  Melodies,  with 

Music.  National  -Virs  and  other  Songs, 
now  first  collected.  By  Thomas 
Moore.  The  Music,  for  Voice  and 
Pianoforte,  printed  with  the  Words. 
Imp.  Svo.  :ils.  fid.  cloth;  or  42s.  half- 
bound  in  morocco. 

Moore's    Epicurean.  New 

Kdition,  with  the  Notes  from  the  Col- 
lective Kdition  of  Moore's  Poetical 
Works ;  and  a  Vignette  engraved  on 
Wood  from  an  original  Design  by  D. 
Maclise,  R..\.  16mo.  Ss.  cloth ;  or 
12s.  6d.  morocco  by  H.ayday. 

Morell.  —  Elements  of  Psycho- 
logy:  Pai!t  I.,  containing  the  .'Vnalysis 
of  the  Intellectual  Powers.  By  J.  D. 
MoKELL,  M.A.,  One  of  Her  Majesty's 
Inspectors  of  Schools.  Post  8vo.  7s.  6d. 

Morning  Clouds.     Second  and 

cheaper  Kdition,  revised  throughout, 
and  printed  in  a  more  convenient  form. 
Fcp.  8vo.  as. 

Morton.— The  Resources  of  Es- 

t.ates  :  A  Treatise  on  the  Agricultural 
Improvement  and  General  Manage- 
ment of  K.wded  Property.  By  John 
LocKHABT  MouTON,  Civil  and  Agri- 
cultural Kngineer  ;  A\Uhor  of  Thirteen 
Highland  and  Agricultural  Prize  Ks- 
says.  With  20  Lithograiihic  Illustra- 
tions.  Royal  8vo.  .'Us.  6d. 

Moseley's  Mechanical  Principles 

of  Kngineering  and  Architecture.  Se- 
rorld  Kdition,  enliirged;  with  numerous 
Woodcuts.  8vo.  24s. 

Memoirs  and  Letters  of  the  late 

Colonel  Ahmine  Mountain,  Aide- 
de-Camp  to  the  Queen,  and  Adjutant- 
General  of  Her  Majesty's  Forces  in 
India.  Kditcd  by  Mrs.  Mountain. 
Second  Kdilion,  Portrait.  Fcp.  8vo.  Gs. 

Mure, — A  Critical  History  of  the 

Language  and  Literature  of  Ancient 
Greece.  By  William  Mukk,  of 
Caldwell.  Vols.  I.  to  III.8vo.  price 
:5Gs.;  Vol.  IV.  l.Os.;  and  Vol.  V.  ISs. 

Murray's  Encyclopaedia  of  Geo- 
graphy, comprising  a  complete  Descrip- 
tion of  the  Karlh  :  Kxhibiting  its  Rela- 
tion to  the  Heavenly  Bodies,  its  Pliy- 
sical  Str\icture,  tlie  Natural  History  "of 
each  Country,  and  the  Industry,  Com- 
merce, Political  Institutions,  and  Civil, 
and  Social  State  of  All  Nations.  Second 
Kdition ;  with  82  Maps,  and  upwards  of 
1,000  other  Woodcuts.  8vo.  (iOs. 
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Murray.— French  Finance  and 

Finauciers  under  Louis  the  Fif'teentli. 
By  JiMiis  MußßAY.  Svo.  lus.  Gd. 

Neale.— The  Closing  Scene ;  or, 

Christianity  and  Infidelity  contrasted 
ill  tlie  La^t  Hours  of  Reiuarl^alile  Per- 
sons. By  tlie  liev.  Krskixk  Nkale, 
M.A.   2  vols.  fep.  8vo.  Cs.  each. 

Nonnanby    (Marquis    of).  — A 

Year  of  Revolution.  From  a  Journal 
kept  in  Paris  in  the  Year  1818.  By  the 
Marqüis  or  NoEMAKBT,  K.G.  2  vols. 
Svo.  21s. 

Ogilvie.— The  Master-Builder's 

Plan  ;  or,  the  Principles  of  OrRanic 
Arcliit<;cture  as  indicated  in  the  Typi- 
cal Forms  of  Animals.  Br  Gkokge 
Ogilvie,  M. U.  Post  Svo.  with  72  Wood- 
cuts, price  Os.  Gd. 

Oldacre  — The  Last  of  the  Old 

Squires.  A  Sketch.  By  Cedric 
Oldacbe,  Esq.,  of  Sax-Xormaubury. 
Crowu  8vo.  9s.  6d, 

0  s  b  0  r  n.  —  Quedah ;  or,  Stray 

Leaves  from  a  .loumal  in  Malayan 
Waters.  By  Captain  SheeaedOsbohn, 
R.N.,  C.B.  With  a  coloured  Chart  .and 
tinted  Illustrations.   Post  Svo.  10s.  Gd. 

Osborn.— The  Discovery  of  the 

North- West  Passage  by  H.M.S.  Inves- 
tigator.  Captain  R.  M'Cluee,  1850-185i. 
Edited  by  Captain  Sheeakh  Osboen, 
C.B.  Second  Edition,  revised;  with 
Portrait,  Chart,  and  Illustrations.  Svo. 
price  lös. 

Professor  Owen's  Lectures  on 

the  Comparative  Anatomy  and  Physio- 
logy of  the  Invertebrate  Animals,  de- 
livered at  the  Royal  College  of  Surgeons. 
Second  Edition,  with  235  Woodcuts. 
8vo.  21s. 

Professor  Owen's  Lectures  on 

the  Comparative  Anatomy  and  Phy- 
siology of  the  Vertebrate  Animals,  de- 
livered at  the  Royal  College  of  Surgeons 
in  ISU  and  1816.  Vol.  1.  Svo.  14s. 

Memoirs  of  Admiral  Parry,  the 

Arctic  Navigator.  By  his  Son,  tlio  Rev. 
E.  Paert,  jl.A.,  Domestic  Chaiilain  to 
the  Dishop  of  London.  Fourth  Edition; 
with  a  Portrait  and  coloured  Chart  of 
the  North- V/ est  Passage.  Fcp.  8vo.  5s. 

Pattison.— The  Earth  and  the 

Word  ;  or,  Gcologv  for  Bililo  Students. 
By  S.  R.  Pattiso.V,  F.G.S.  Fcp.  8vo. 
with  coloured  Map,  3s.  6d. 


Dr.  Pereira's  Elements  of  Mate- 
ria Medica  and  Therapeutics.  Third 
Edition,  enlarged  and  improved  from 
the  Author's  Materials  bv  A.  S.  Tat- 
LOR,  M.D.,  and  G.  0.  tlKEs.  M.L). 
Vol.  I.  Svo.  28s. ;  Vol.  II.  Part  I.  21s. ; 
Vol.  IL  Part  II.  20s. 


Dr.  Pereira's  Lectures  on  Polar- 
ised Light,  together  with  a  Lecture  on 
the  Microscope.  2d  Edition,  enlarged 
from  the  Autlior's  Materials  by  Rev. 
B.  Powell,  M.A.  Fcp.  8vo.  Woodcuts, 
price  7s. 

Perry.— The  Franks,  from  their 

First  Appearance  in  Histoiy  to  the 
Death  of  King  Pepin.  By  Waltee  C. 
Pekey,  Barrister-at-Law.  8vo.  12s.  6d. 


Peschel's  Elements  of  Physics. 

Translated  from  the  Gcmian,  with 
Notes,  by  E.  West.  With  Diagrams 
and  Woodcuts.  3  vols.  fcp.  Svo.  21s, 


Phillips's  Elementary  Introduc- 
tion to  Mineralogy.  A  New  Edition, 
with  extensive  Alterations  and  Addi- 
tions, bv  H.  J.  Beooke,  F.R.S.,  F.G.S.; 
and  W.  H.  Miller,  M.A.,  F.G.S.  With 
uumerous  Woodcuts.   Post  8vo.  18s. 

Phillips.— A  Guide  to  Geology. 

By  JoHtf  Phillips,  M.A.,  F.R.S., 
F.G.S.,  &c.  Fourth  Edition,  corrected ; 
with  4  Plates.  Fcp.  8vo.  5s. 


Phillips.— Figures  and  Descrip- 
tions of  the  Pala;o7.oic  Fossils  of  Corn- 
wall, Devon,  and  West  Somerset :  ob- 
served in  the  course  of  the  Ordnance 
Geological  Survey  of  that  District.  By 
John  Phillips,  F.R.S.,  F.G.S.,  &c. 
Svo.  with  60  Plates,  9s. 

Piesse's  Art  of  Perfumery,  and 

Methods  of  Obtaining  the  Odours  of 
Plants  ;  with  Instructions  for  the  Ma- 
nufacture of  Pel  fumes  for  the  Hand- 
kerchief, Scented  Powders,  Odorous 
Vinegars,  Dentifrices,  Pomatums,  Cos- 
mötiques.  Perfumed  Soap,  &c.;  and  an 
Appendix  on  the  Colours  of  Flowers, 
Artificial  Fruit  Essences,  &c.  Second 
Edition;  Woodcuts.  Crown 8vo.  8s.  6d. 


Captain  Portlock' s  Report  on  the 

Geology  of  the  County  of  Londonderry, 
and  of  Parts  of  Tyrone  and  Femiaiiasli, 
examined  and  described  under  the  Au- 
thority of  the  Master-Genei  al  and  Board 
of  Ordnance.   Svo.  with  iS  Plates,  24s. 
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Powell.— Essays  on  the  Spirit  of 

the  Imluetive  Philosoiiliy,  (lie  Unity 
o£  Worlds,  anil  the  l*hilosoi)hy  of  Crea- 
tion, liy  the  Rev.  Uade.v  Powell, 
M.A.,  &c.  Crown  Svo.V.'oodculs,  12s. Gd. 

Powell.— Christianity  without 

Judaism  :  A  Seooiid  Series  of  Essays 
on  the  Unity  of  Worlds  and  of  Nature. 
By  the  Rev.  Badkn  Powjjuc,  iI.A.,&c. 
Crown  Svo.  7s.  Od. 

Pycroft. — The  Collegian's  Guide; 

or,  Uecolleclions  of  CoUej^e  Days  :  Set- 
tins;  forth  the  Advantiuies  and  Temp- 
tations of  a  University  Kducation.  By 
the  Rev.  J.  Pychopt,  B.A,  Second 
Edition.   Fcji.  8vo.  üs. 

Pycroft's    Course    of  English 

Eeatlinji;  or.  How  and  AVhat  to  Read: 
Adapted  to  every  taste  and  capacity. 
With  Literary  Anecdotes.  Fcp.  övo.  53. 

Pycroft's  Cricket-Field  ;  or,  the 

Science  and  Ilistorv  of  the  Game  of 
Cricket.  Second  Kdition ;  I'lates  and 
Woodcuts.  Fcp.  bvo.  5s. 

Quatrefages  (A.  De).— Rambles 

of  a  Naturalist  on  the  Coasts  of  I'r.ance, 
Spain,  and  Sicily.  ]}y  A.  De  Quatke- 
FAGES,  Memb.  Inst.  Translated  by 
E.  C.  Ottk'.   2  vols,  post  8vo.  15s. 

Eaikes  (C.) — Notes  on  the  Re- 
volt in  the  North-Western  Provinces 
of  India.  By  Charles  Raike.s,  Judge 
of  the  Sudder  Court,  and  late  Civil 
Commissioner  with  Sir  Colin  Camp- 
bell.  8vo.  7s.  Cd. 

Raikes  (T.) — Portion  of  the  Jour- 
nal kept  by  THoitAS  Raikes,  Est]., 
from  ISU  to  ]»17  :  Comiirising  Remi- 
niscences of  Social  and  Political  Life 
in  London  and  Paris  durins  tliat  pe- 
riod.  2  vols,  crown  8vo.  price  123. 

Rarey. — A  Complete  Treatise  on 

the  Science  of  Handlint:,  F.ducating, 
and  Taming  all  Horses;  with  a  full 
and  detailed  Narrative  of  his  Kxi)e- 
rience  and  Practice.  l?y  John  S. 
Rarey,  of  Ohio,  U.  S.  In  "l  vol.  with 
numerous  Illustrations.  [Just  reaili/. 

Dr.  Reece's  Medical  Guide :  Com- 
prising a  complete  Modern  Dispensa- 
tory, and  a  Practiciil  Treatise  on  the 
distinguishing  Symirtoms,  Causes,  Pre- 
vention, Cure,  and  Palliation  of  tlio 
Diseases  incident  to  the  Human  Frame. 
Seventeenth  Edition,  corrected  and  en- 
larged l)y  Dr.  H.  Reece.  8vo.  12s.  | 


Reade.— The  Poetical  Works  of 

John  Edmund  Kcade.  New  Edition, 
revised  and  corrected ;  witli  Additional 
Poems.   4  vols.  fcp.  Svo.  20s. 

Rees.  —  Personal  Narrative  of 

the  Siege  of  Lucknow,  from  its  coni- 
jucnccment  to  its  Relief  by  Sir  Colin 
Camj)bell.  By  L.  E.  Rkes,  one  of  the 
surviving  Defenders.  Third  Edition. 
Post  Svo.  price  Us.  6d. 

Rich's  Illustrated  Companion  to 

the  Latin  Dictionary  and  Greek  Lexi- 
con; Forming  a  Glossary  of  all  the 
Words  representing  Visible  Objects 
connected  witli  tlie  Arts,  Manufactures, 
and  Evory-Da^■  Life  ot  tlie  Ancients. 
With  about  2,0(iO  ^Voodcuts  from  the 
Antique.   Post  Svo.  21s. 

Richardson.— Fourteen  Years' 

Experience  of  Cold  Water :  Its  LTses 
and  Abuses.  By  Captain  M.  Ricdabd- 
soif.  Post  8vo.  Woodcuts,  6s. 


Horsemanship;  or,  the  Art  of 

Riding  and  Managing  a  Horse,  adapted 
to  the  Guidance  of  Ladies  imil  Geiitle- 
men  on  the  Road  and  in  the  Field : 
With  Instructions  for  15reakin^-in  Colts 
and  Young  Horses.  By  Cajitain  Ricn- 
AiiDsoN,  late  of  the  4th  Light  Dragoons. 
With  5  Plates.  Square  crown  8vo.  14s. 

Household   Prayers   for  Four 

Weeks:  With  additional  Prayers  for 
Special  Occasions.  To  which  is  added 
a  Course  of  Scripture  Reading  for  Every 
Day  in  tlie  Year.  By  the  llev.  J.  E. 
Riddle,  M.A.  Crown  8vo.  Ss.  6d. 

Riddle's  Complete  Latin-English 

and  English-Latin  Dictionary,  for  the  ' 
use  of  Colleges  and  Schools.  Neie  Edi-  i 
tion,  revised  and  corrected.  8vo.  21s.  i 

Riddle's  Diamond  Latin-English 

Dictionary.  A  Guide  to  the  Me-mlng, 
Quiilitv,  and  riglit  Accentuation  of 
Latiii  Classical  Words.  Koy al  32mo.  48. 

Riddle's  Copious  and  Critical 

Latin-English  Lexicon,  founded  on  the 
German-Latin  Dictionaries  of  Dr.  Wil- 
liam Freimd.  Tost  4to.  31s.  6d. 

Rivers's  Rose-Amateur's  Guide; 

containing  ample  Dcscrintions  of  all 
the  fine  leading  variety  ot  Roses,  regu- 
larly classed  in  their  resiieclive  Fami- 
lies; their  Histonand  Mode  of  Culture. 
Sixth  Edition.  Fcp.  Svo.  Ss.  Gd. 
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KEW  ■R-ORKS  AND  KKW  EDITIONS 


Dr.  E.  Robinson's  Greek  and 

Enslish  Lexicon  to  tlie  Greek  Testa- 
ment. A  New  Edition,  revised  and  in 
great  part  re-written.  8vo.  18s. 

Mr.  Henry  Rogers's  Essays  se- 
lected from  Contributions  to  tho  Editi- 
bitroh  Review.  Second  Edition,  witli 
Additions.   S  vols.  ftp.  8vo.  21s. 

Dr.  Roget's  Thesaurus  of  Eng- 
lish Words  and  Phrases  classified  and 
arranged  so  as  to  facilitate  the  Expres- 
sion of  Ideas  and  assist  in  Literary 
Composition.  Fifth  Edition,  revised 
and  improved.   Crown  8vo.  10s.  Gd. 

Ronalds's  Fly-Fisher's  Entomo- 
logy: Witli  coloured  Representation 
of  tlie  Natural  and  Artificial  Insects, 
and  a  few  Observations  and  Instruc- 
tions on  Trout  and  Grayling  Fishing. 
Fifth  Edition;  with  20"  new-coloured 
Plates.  8vo.  Us. 

Rowton's  Debater :  A  Series  of 

complete  Debates,  Outlines  of  Debates, 
and  Questions  for  Discussion;  with 
ample  References  to  the  best  Sources  of 
Information.   Fcp.  Svo.  Gs. 

Dr.  C.  W.  Russell's  Life  of  Cardi- 
nal Mc'/.zofanli  :  With  an  Introductory 
Memoir  of  eminent  Linguists,  Ancient 
and  Modern.  With  Portrait  and  I'ac- 
sirailes.   Svo.  12s. 

The  Saints  our  Example.  By 

the  Autlior  of  Letters  to  my  Unknown 
Friends,  &c.   Fcp.  8vo.  7s. 

Scherzer.— Travels  in  the  Free 

states  of  Central  America :  Nicaragua, 
Honduras,  .and  San  Salvador.  Uy  Dr. 
Cahl,  Scuerzer.  2  vols,  post  Svo.  16s. 

SchimmelPenninck      (Mrs,)  — 

Life  of  Maiy  Anne  SchimmelPenninck, 
Author  of  Sctect  Memoirs  of  Port 
Royal,  and  other  Works.  Etlited  by 
her  relation,  Curistiana  C.  Hankin. 
2  vols,  post  8vo.  with  Portrait,  lös. 

Dr.   L.   Schmitz' s   History  of 

Greece,  from  the  Earliest  Times  to  the 
Taking  of  Corinth  by  the  liomans,  n.c. 
116,  mainly  based  upon  Bishoj)  Thirl- 
wall's  History.  Fifth  Edition,  witli 
Nine  new  Supplementary  Chapters  on 
the  Civilisation,  Religion,  Literature, 
and  Arts  of  the  Ancient  Greeks,  con- 
tributed by  C.  H.  Watson,  M.A.  Trin. 
Coll.  Camb. ;  also  a  Map  of  Athens  and 
137  Woodcuts  designed  by  G.  Scharf, 
jun.,  F.S.A.  12mo.  7s.  6d. 


ScofFern  fDr.1— Projectile  Wea- 
pons of  War  and  Explosive  Compounds. 
J5y  J.  ScoKi'KRif,  M.B.  Lond.,  late 
Professor  of  Chemistry  in  the  Alders-  I 
gate  College  of  Medicine.  Third  Edi- 
tion.  Post  8vo.  Woodcuts,  8s.  6d. 

Scrivener's  History  of  the  Iron 

Trade,  from  the  Earliest  Records  to  the 
Present  Period.  8vo.  10s.  6d. 

Sir  Edward  Seaward' s  Narrative 

of  his  SIui>wreck,  and  conseijuent  Dis- 
covery of  certain  Islands  in  the  Cai'ib- 
bean  isea.  2  vols,  post  8vo.  21s. 

The  Sermon  in    the  Mount. 

Printeil  by  C.  Whittingham,  uniformly 
with  the  Thumb  Bible.  6tmo.  Is.  Cd. 

Sewell  (Miss).— New  Edition  of 

the  Tales  and  Stories  of  the  Author  of 
Amy  Herbert,  in  9  vols,  crown  Svo. 
l)rice  £1.  Ills,  clotli ;  or  each  work  com- 
jilete  in  one  volume,  separately  as  fol-  I 
lows  : — 

AMYHKRBF.RT  2s.  6d.  : 

GERTRUDE  2s.  6d.  , 

The  EARL'S  DAUGHTER  . .  2s.  6d.  I 
The  EX  PERI  ENCE  of  LI  FE. .  2s.  6cl. 

CLEVE  HALL  3s.  6d. 

IVORS,  or  the  Two  Cousins  3s.  6d. 
KATHARINE  ASHTON  .  . .  3s.  Cd.  ! 
MARGARET  PERCIVAL  ..5s.  Od.  | 
LANETON  PARSONAGE  ..4s.  6d.  | 
By  the  same  Autlior,  Keic  Editions,  j 

Ursula  :    A  Tale  of  English 

Country  Life.   2  vols.  fcp.  Svo.  12s. 

Readings  for  every  Day  in  Lent : 

Compiled  from  the  AVritings  of  Eishop 
Jereuv  Xatlok.   Fcp.  Svo.  5s. 

Readings  for  a  Month  prepara- 
tory to  Confirmation  :  Compiled  from 
the  Works  of  Writers  of  the  Early  and 
of  the  English  Church.  Fcp.  8vo.  is. 


Bowdler's  Family  Shakspeare : 

In  which  nothing  is  added  to  the  Ori- 
ginal Text ;  but  those  words  and  ex- 
pressions are  omitted  which  cannot 
with  projiriety  be  read  aloud.  Illus- 
trated with  30.  Woodcut  Vignettes. 
The  Library  Edition,  in  One  Volume, 
medium  8vo.  price  21s. ;  a  Pocket  Edi- 
tion, in  6  vols.  fcp.  8vo.  price  5s.  each. 
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Sharp's  New  British  Gazetteer, 

Ol-  Toiiosrupluciil  Diitioniiry  of  tlio 
British  Ishiiuls  and  narrow  Seus:  Com- 
prisiiiK  concise  Descriptions  of  aljout 
O\()00  Places,  Seats,  Natural  Features, 
and  OWects  of  Note,  founded  on  the 
best  authoi  ities.   2  vols.  tivo.  .C2.  10s. 

Short  Whist ;  its  Eise,  Progress, 

and  Laws:  With  Observations  to  make 
anv  one  a  Whist-PUiyer.  Containing 
also  the  Laws  of  Piquet,  Cassino, 
Ecarte,  Cribbajte,  Rackijaininon.  By 
Mioor  A.  New  Kdition  :  with  Precepts 
for  Tyros,  by  Mrs.  ii.  Fcp.  Svo.  'is. 

Sinclair.  —  The  Journey  of  Life. 

Bv  Catherine  Sinclair,  Author  ot 
The  Business  of  Life.   Fop.  8vo.  5s. 

Sir  Eoger  De  Coverley.  From 

the  SiJeotator.  With  Notes  and  lUus- 
tnitions,  by  W.  Hbnry  Wills  ;  and  12 
Wood  Engravings  from  Designs  by  F. 
Tayler.  Crown  8vo.  lUs.  Cd. ;  or  2l8. 
ill  morocco  by  Hayday. 

The  Sketches  :  Three  Tales.  By 

the  Authors  of  Ami/  Herbert,  The  Old 
Man's  Home,  and  Hawkstone.  Fcp. 
8vo.  price  4s.  6tl. 

Smee's  Elements  of  Electro- 

Metalluriry.  Third  Edition,  revised  ; 
with  Elect rotyi)es  and  numerous  Wood- 
cuts.  Post  Svo.  l()s.  Cd. 

Smith  (G.)  — History  of  Wes- 
leyan  Metho<lism.  By  George  Smith, 
F.A.S.,  Author  of  Sacred  Annals,  <Stc. 
Vol.  I.  n'esley  and  his  Times;  Vol.  IL 
The  Middle  Aae  of  Methodism,  from 
1791  to  181C.   Crown  8vo.  lOs.  Gd.  each. 

Smith  (G.  V.)  —  The  Prophecies 

relating  to  Nineveh  and  the  Assyrians. 
Translated  from  the  Hebrew,  with  His- 
torical Introductions  and  Notes,  cx- 
liibiting  the  principal  Hesults  of  t)ie 
recent  Discoveries.  By  GEOKTr«  Vance 
Smith,  B.  A.  Post  8vo.  10s.  6d. 

Smith  (J.)— The  Voyage  and 

Shipwreck  of  St.  Paul :  Witli  Disser- 
tations on  the  Life  and  Writings  of  St. 
Luke,  and  the  Ships  and  Navigation 
of  the  Ancients.  By  .Iames  Smith, 
F.R.S.  With  Charts,  Views,  and 
Woodcuts,  Crown  8vo.  8s.  Cd. 

A  Memoir  of  the  Rev.  Sydney 

Smith.  Bv  his  Daughter,  L.vdt  Hol- 
land. With  a  Selection  from  Iiis 
Letters,  edited  by  Mrs.  Austin.  New 
Edition.   2  vols.  8vo.  28s. 
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The  Rev.  Sydney  Smith's  Mis- 
cellaneous Works  :  Including  his  Con- 
tributions to  The  Edinburgh  Review. 
Tln-ee  Editions :  — 

1.  fi  I,iBii\RY  EniTioN  (the  foHcWi),  in  3 

vol«.  Svo.  witli  Portrait,  363. 

2.  Complete  in  One  Volume,  with  Por- 

traitand  Vignette.  Square  crown,  8vo. 
21s.  cloth  ;  I  T  30s.  bound  in  calf. 

3.  Another  New  Edition,  in  3  vols.  fcp. 

8V0.218. 

The  Rev.  Sydney  Smith's  Ele- 
mentary Sketches  of  Moral  Philosophy, 
delivered  at  tlie  Royal  Institution  in 
the  Years  1801  to  1806.  Fcp.  8vo.  7s. 

Snow.  —  Two  Years'  Cruise  off 

Tierra  del  Fuego,  the  Falkland  Islands, 
Patagonia,  and  in  the  River  Plate  :  A 
Narrative  of  Life  in  the  Southern  Seas. 
By  W.  Parker  Snow, late  Commander 
of  tlie  Mission  ^'aclit  Allen  Gardiner. 
Witli  Charts  and  Illustrations.  2  vols, 
post  8vo.  21s. 

Robert  Southey's  Complete  Poet- 
ical Works:  containing  all  the  Author's 
last  Introductions  and  Notes.  The 
lAbrary  Edition,  complete  in  One  Vo- 
lume, "with  Portraits  and  Vignette. 
Medium  8vo.  21s.  cloth ;  428.  Dound 
in  morocco.  —  Also,  the  First  collected 
Edition,  in  10  vols.  fcp.  8vo.  with  Por- 
trait and  19  Vignettes,  price  35s. 

The  Life  and  Correspondence 

of  the  late  Robert  Sonthey.  Edited  by 
his  Son,  the  Rev.  C.C.  Southet,  M.A. 
With  Portraits,  &c.  6  vols,  post  8vo. 
price  CSS. 

Southey's  Doctor,  complete  in 

One  Volume.  Edited  by  the  Rev. 
.1.  W.  Wärter,  B.D.  With  Portrait, 
Vignette,  Bust,  and  coloured  Plate. 
Square  crown  8vo.  21s. 


Southey's  Life  of  Wesley;  and 

Rise  and  Progress  of  Mctliodism. 
Fourth  Edition,  edited  by  Rev.  C.  C. 
SOUTHEY,  M.A.  2  vols,  crown  8vo,  128. 


Spencer.— Essays,  Scientific,  Po- 
litical, an  J  Speculative.  By  Heriiert 
Spkncer,  Autlior  of  Social  Statics. 
Reprinted  chiefly  from  Q\iarterly  Re- 
views, bvo.  128.  cloth. 


Spencer.  —  The   Principles  of 

Psychology.  By  IIerhert  Spkncke, 
Author  o{  Social  Statics,  8vo.  ICs. 


NE"W  WOEKS  AND  NEW  EDITIONS 


22 


Stephen.  —  Lectures  on  the  His- 
tory of  Friuice.  By  tlio  Uislit  Hon. 
Sir  Jamus  SiEPUKX,  K.C.B.,  LL.D. 
Thii-d  Edition.  2  vols.  8vo.  its. 

Steuben.  —  Essays  in  Ecclesias- 
tical niograpliy  ;  from  Tlie  Edinburgh 
Review.  By  tlie  liisht  Hon.  Sir 
James  Stephkn,  K.C.B.,  LL.D. 
Tiiird  Edition.  2  vols.  8vo.  i4s. 

Stonehenge.— The  Dog  in  Health 

ana  Disease  :  Comprising  the  various 
Modes  of  Breaking  and  using  liim  for 
Hunting,  Coursing,  Sliooling,  &c. ;  and 
including  the  Points  or  Characteristics 
of  Toy  Dogs.  By  Stonehexge.  8vo. 
with  numerous  Illustrations. 

[/«  t/ie  press. 

Stonehenge.  —The  Greyhound ; 

Being  a  Treatise  on  the  Art  of  Breed- 
ing, Hearing,  and  Training  Greyhounds 
for  Public  Running ;  tlieir  Diseases  and 
Treatment :  Containing  also  Rules  for 
the  Slanagement  of  Coursing  Meetings, 
and  for  the  Decision  of  Courses.  By 
Stojtehenge.  With  Frontispiece  and 
Woodcuts.   Square  crown  8vo.  21s. 

Stow's  Training  System,  Moral 

Training  School,  and  Normal  Semi- 
nary for  preparing  Schoolmasters  and 
Governesses.  Tenth  Edition ;  Plates 
and  Woodcuts.  Post  8vo.  6s 

Strickland.— Lives  of  the  Queens 

of  England.  By  Agnes  Steicklakd. 
Dedicated,  by  express  permission,  to 
Her  Majesty.  Embellished  mth  Por- 
traits of  every  Queen,  engi'aved  from 
the  most  authentic  sources.  Complete 
in  8  vols,  post  8vo.  7s.  Gd.  each. 

Memoirs  of  the  Life  and  Services 

of  Rear-Admiral  Sir  William  Symonds, 
late  Surveyor  of  the  Navy.  Edited  by 
J.  A.  Shaep.  8vo.  \vith  Illustrations, 
price  21s. 

Taylor.— Loyola :  and  Jesuitism 

in  its  Rudiments.  By  Isaac  Taxlob. 
Post  8vo.  Medallion,  10s.  Gd. 

Taylor.— Wesley  and  Method- 
ism. By  Isaac  Taxloe.  Post  8vo. 
Portrait,  10s.  Gd. 

Thacker's  Courser's  Annual  Re- 
membrancer and  Stud-Book :  Being  an 
Alphabetical  Return  of  the  Running  at 
all  Public  Coursing  Clubs  in  England, 
Ireland,  and  Scotland,  for  the  Season 
1857-8 ;  with  the  Pedigrees  (as  far  as 
received)  of  the  Dogs.  By  Kobkbx 
Abbam  Welsh,  Liverpool.  8vo.  21s. 

*  .*  Published  anniially  in  October. 


Bishop  Thirlwall's  History  of 

(ireei  e.  Library  Edition  ;  wit li  Maps. 
8  vols.  Svo.  ßi. — An  Edition  in  8  vols, 
fcp.  Svo.  with  Vignette  Titles,  288. 

Thomson's  Seasons.    Edited  by 

Bolton  Cokney,  Esq.  Illustrated 
witli  77  fine  Wood  Engravings  from 
Designs  by  Members  of  the  Etching 
Club.  Stjuare  crown  8vo.  21s.  cloth ; 
or  3Gs.  bound  in  morocco. 

Thomson  (the  Rev.  Dr.)  — An 

Outline  of  the  necessary  Laws  of 
Thought:  A  Treatise  on  Pure  and  Aji- 
plied  Logic.  By  William  Thomson, 
D.D.   New  Edition.  Fcp.  8vo.  7s.  6d. 

Thomson's  Tables  of  Interest, 

at  Three,  Four,  Four-and-a-Half,  and 
Five  per  Cent.,  fi-oni  One  Pound  to 
Ten  Tliousand,  and  from  1  to  365  Days, 
in  a  regular  progression  of  single  Days ; 
with  Interest  at  all  the  above  Rates, 
from  One  to  Tuelvo  Months,  and  from 
One  to  Ten  Years.  Also,  numerous 
other  Tables  of  Exchange,  Time,  and 
Discounts.   New  Edition.  12mo.  Ss. 

The  Thumb  Bible  ;  or,  Verbum 

Scmiiiternum.  By  .1.  Tatlob.  Being 
.an  Epitome  of  the  Old  and  New  Testa- 
ments in  English  Verse.  Reprinted 
fl-om  the  Edition  of  1693.  Glmo.  Is.  6d . 

Tighe  and  Davis.— Annals  of 

Windsor  ;  Beinga  History  of  the  Castle 
and  Town  :  With  some  account  of  Eton  I 
and  I'l.ices  adj.acent.  By  R.  R.  Tighb, 
Esq. ;  and.l.  E.  Davis,  Esq.,  Banister- 
at-Law.  AVith  numerous  Illustrations. 
2  vols,  royal  8vo.  IM.  Is. 

Tooke.— History  of  Prices,  and 

of  the  State  of  the  Circulation,  during 
the  Nine  Years  from  l&iS  to  18.")6  inclu- 
sive. Forming  Vols.  V.  and  VI.  of 
Tooke's  History  of  Prices;  and  com- 
prising a  copious  Index  to  the  whole 
work.  By  Thomas  Tooke,  F.R.S. 
and  William  Nkwmabch.  2  vols. 
8vo.  528.  6d. 

Townsend. — Modem  State  Trials 

revised  and  illiistrated  with  Essays 
and  Notes.  By  W.  C.  Townsend, Esq., 
M.A.,  Q.C.  2  vols.  8vo.  30s. 

TroUope.  —  Barchester  Towers  : 

a  Novel.  By  Anthonx  Tbollope. 
New  and  cheaper  Edition,  eomi)lete  in 
One  Volume.  Crown  8vo.  5s. 

Trollope.  —  The   Warden.  By 

Anthonx Trollope.  Post8vo.lO9.6d. 
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The  Traveller's  Library :  A  Col-  i 

lection  of  oriainal  Works  well  adapted  for  [ 
Trnrcffis  and  Ii:mitri-ants,  for  Sehool-room  . 
libraries,  the  Libraries  of  Mechanics'  In-  | 
stitutions,  Yininij  Men's  Libraries,  the  j 
Libraries  of  Ships,  and  similar  purposes.  I 
The  separate  volumes  are  suited  for  School 
Prizes,  Presents  to  Vonmj  People,  and  for 
general  instruction  and  entertainment. 
The  Series  comprises  fourteen  of  the  most 
popular  of  Lord  Macaulay's  Assays,  and 
his  Speeches  on  Parliamentary  Reform. 
The  department  of  Travels  contains  some 
account  of  eight  of  the  rrin^'ipal  countries  of 
Europe,  as  well  as  travels  in  four  districts 
of  Africa,  in  four  of  America,  and  in  three  of 
Asia.  Madame  Pfeiffer's  First  Joxmiey 
round  the  World  is  included  ;  and  a  general 
account  of  the  Australian  Colotiies.  In  feio- 
graphjr  and  History  will  be  found  Lord  Ma- 
caulay's Bioeraphical  Sketches  of  Warren 
Hastings,  Clite,  Pitt,  Walpole,  Bacon,  and 
others;  besides  Memoirs  of  Wellington,  Tu- 
ren/ie,  F.  Arngo,  &c. ;  an  Essay  on  tlie  Life 
and  Genius  of  Thomas  Fuller,  with  Selec- 
tions from  his  Writings,  by  Mr.  Henry 
Hogers  ;  and  a  history  of  the  Leipsic  Cam- 
paign, by  Mr.  Gleig,  —  which  is  the  only 
separate  account  of  this  remarkable  cam- 
paign. Works  of  Fii  tion  did  not  come  within 
the  plan  of  the  TBAVEi.LEft's  Librart;  but 
the  Cort/essinns  nf  n  Working  Man,  bySou- 
▼estre,  which  is  indeed  a  fiction  founded  on 
fact,  ha«  been  included,  and  has  been  read 
with  unusual  interest  by  many  of  the  work- 
ing classes,  for  whose  use  it  is  especially  re- 
commended, thimas'a  story  of  the  Maitte- 
d'Armes,  thouah  in  form  a  work  of  fiction, 
gives  a  striking  picture  of  an  episode  in  the 
history  of  Russia.  Amongst  tlie  works  on 
Science  and  Natural  Philosophy,  a  general 
view  of  Creation  is  embodied  in  Dr.  Kemp's 
Natural  Histi^rij  of  Creation  ;  and  in  his 
Indicatims  nf  Instinct  remarkable  facts  in 
natural  history  are  collected.  Ur.  Wilson 
has  contributed  a  popular  account  of  the 
Electric  Telegraph.  In  (lie  volumes  on  the 
Coal-Fields,  and  on  the  Tin  and  other 
Mining  Districts  of  Cormvall,  is  given  an 
account  of  the  mineral  wealth  of  England, 
the  habits  and  manners  of  the  miners,  and 
the  scenery  of  the  surrounding  country.  It 
only  remams  to  add,  that  among  the  Mis- 
cellaneous Works  are  a  Selection  of  the  best 
Writings  of  the  Rev.  Sydney  Smith;  Lord 
Carlisle's  Lectures  and  Addresses;  an  ac- 
count of  Mortnotiism,  by  the  Rev.  W.  J. 
Conybeare  ;  an  exposition  of  Railway  ma- 
nagement and  mismanagement  by  Mr.  Her- 
bert Spencer ;  an  account  of  the  Origin  and 
Practice  of  Printing,  by  Mr.  Stark  ;  and  an 
account  of  London,  by  Mr.  M^Culloch. — To 
be  had,  in  complete  Sets  only,  at  £5.  58.  per 
Set,  bound  in  cloth  and  lettered. 

The  Traveller's  IXbrary  may  also 
benad  as  originally  issued  in  102  parts, 
Is.  each,  forming  50  vols.  28.  6d.  eacli ;  or 
any  separate  parts  or  volumes. 


Sharon  Turner's  Sacred  History 

of  tlio  World,  Philosopliically  con- 
sidered, in  a  Series  of  Letters  to  a  Son. 
3  vols,  post  8vo.  31s.  6d. 

Sharon  Turner's  History  of  Sfftg- 

land  during  the  Middle  Aseti;  Com-  « 
prisin?  the  Koiifiis  fi'oni  the  Nonnan 
Conquest  to  the  Accession  of  Henry 
VIII.  1  vols.  8vo.  50s. 

Sharon  Turner's  History  of  the 

Anslo-Saxons,  from  the  Harlicst  Period 
to  the  Norman  Conquest.   3  vols.  3Gs. 

Dr.  Turton's  Manual  of  the  Land 

and  Fresh-Water  Shells  of  Great 
Britain  :  With  FiRurcs  of  each  of  the 
kinds.  New  Edition,  with  Additions 
by  Dr.  J.  E.  Gkay,  F.R.S.,  &c..  Keeper 
of  the  Zoological  Collection  in  the 
Biitisli  Museum.  Crown  8vo.  with 
12  coloured  Plates,  price  15s.  cloth. 

Dr.  Tire's  Dictionary  of  Arts, 

Manufactures,  and  Minos  :  Containing 
a  clear  Exposition  of  their  Principles 
and  Practice.  Fourth  Edition,  much 
enlarged.  With  nearly  1,600  Wood- 
cuts.  2  vols.  8vo.  60s. 


Uwins.  —  Memoir   of  Thomas 

IIwins.IJ.A.  By  Mrs.Uwi?fS.  With  Let- 
ters to  Ids  Brothers  duriii:-  Seven  Years 
spent  in  Italy ;  and  Correspondence 
witli  the  late  Sir  Thomas  Lawrence, 
Sir  C.  L.  Eastlalce,  A.  E.Chalon,  R.A., 
and  other  distinguished  persons.  2 
vols,  post  8vo. 

Van  der  Hoeven's  Handbook  of 

Zoology.  Translated  from  the  Second 
Dutch  Edition  by  the  Rev.  William 
Clark,  M.I).,  F.B.S.,  Professor  ot 
Anatomy  in  the  ITniversity  of  Cam- 
bridge ;  with  additional  References 
by  the  Author.  2  vols.  8vo.  with  21 
Plates  of  Figures,  price  60s.  cloth  ;  or 
separately.  Vol.  I.  Iiivertchrata,  308., 
■and  Vol.  II.  Vertebratn,  SOs. 

Vehse.— Memoirs  of  the  Court, 

Aristocracy  ..and  Diplomacy  of  Austria. 
By  Dr.  K.  Vf.hsf.  Translated  from 
tlie  Gentian  by  Franz  Demmleb.  2 
vols,  post  8vo.  21s. 

Von  Tempsky. — ^Mitla  ;  or,  In- 
cidents and  Personal  Adventtires  on  a 
Journey  in  Mexico,  Guatemala,  .and 
Salvador  in  the  Years  185;!  to  1855  : 
With  Observations  on  the  Modes  of 
Life  in  those  Countries.  By  O.  F.  Von 
Tempskt.  With  numerous  Illustra- 
tions. 8vo.  18s. 
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Wade.  —  England's  Greatness  : 

Its  Kise  and  Progress  in  GOTernment, 
Laws,  Religion,  and  Social  Life ;  Agri- 
culture, Commerce,  and  Manufactures ; 
Science,  Literature  and  Arts,  from  tlie 
Earliest  Period  to  the  Peace  of  Paris. 
By  John  Wade,  Author  of  tlie  Cabinet 
Lawyer,  &c.  Post  8vo.  lOs.  Od. 

Wanderings  in  the   Land  of 

Ifam.  By  a  Daughtkb  of  Japhet. 
Post  8vo.  8s.  ed. 

Waterton. — Essays  on  Natural 

History,  chielly  Ornithology.  By  C. 
Watekton,  Esq.  With  an  Autobio- 
tfraphy  of  the  Author,  and  Views  of 
Walton  Hall.   2  vols.  fcp.  8vo.  5s.  eacli. 

Waterton's  Essays  on  Natural 

History.  Thihd  Series;  withaCon- 
tinuation  of  the  Autobloerapliy,  and  a 
Portrait  of  the  Author.   Fcp.  8vo.  6s. 

Webster  and  Parkes' s  Encyclo- 

psedia  of  Domestic  Economy ;  com- 
prising sucli  subjects  as  are  most  im- 
mediately connected  with  House- 
keeping :  viz.  The  Construction  of  Do- 
mesticEdifioes.withthcModes  of  Warm- 
ing, Ventilating,  and  Lighting  tliem— 
A  description  of  the  various  Articles  of 
Furniture,  with  the  Nature  of  their 
Materials  —  Duties  of  Servants  —  &c. 
With  nearly  1,000  Woodcuts,  8vo.  50s. 

Weld.  —  Vacations  in  Ireland. 

By  Chakles  Richaiid  Weld,  Bar- 
rister-at-Law.   Post  8vo.  lOs.  Gd. 

Weld.— A  Vacation  Tour  in  the 

United  States  and  Canada.  By  C.  R. 
Weld,  Barrister.   Post  8vo.  10s.  6d. 

■ViTest  — Lectures  on  the  Diseases 

of  Infancy  and  Childhood.  By  Charles 
West,  M.D.,  Physician  to  the  Hospital 
for  Sick  Children;  Physician-Accou- 
cheur to,  and  Lecturer  on  Midwifery  at, 
St.  Bartholoniew's  Hospital.   8vo.  lis. 

Willich's  Popular   Tables  for 

ascertaining  tlie  Value  of  Lifehold, 
Leasehold,  "and  Churcli  Property,  Re- 
newal Fines,  &c.  With  numerous  ad- 
ditional Tables— Cliemical,  Astronomi- 
cal, Trigonometrical,  Common  and 
Hyperbolic  Logaritlnns ;  Constants, 
Squares,  CuIkjs,  Roots,  Reciprocals, 
&c.   Fourth  Edition.   Post  8vo.  10s. 

Wilmot's  Abridgment  of  Black- 
stone's  Commentaries  on  the  Laws  of 
England,  in  a  series  of  Letters  from  a 
Father  to  his  Daughter.  12mo.  6s.  6d. 


Wilsön's  Bryologia  Britannica : 

Containing  the  Mosses  of  Creat  Britain 
and  Ireland  systematically  arranged 
and  described  according  to  the  Method 
of  Bruch  and  Schimper  ;  with  01  illus- 
trative Plates.  Being  a  New  Edition, 
enlarged  and  altered,  of  the  Mmcolo- 
l/ia  Britannica  oi  Messrs.  Hooker  and 
Taylor.  8vo.  42s. ;  or,  with  tlie  Plates 
coloured,  price  J&l.  4s. 

Yonge.— A  New  English-Greek 

Lexicon :  Containing  all  the  Greek 
Words  used  by  Writers  of  good  autho- 
rity. By  C.  D.  Yonge,  B.A.  Second 
Edition,  revised.   Post  Ito.  2l8. 

Yonge' s  New  Latin  Gradus : 

Containing  Every  Word  used  by  the 
Poets  of  good  authority.  For  the  use  of 
Eton,  Westminster,  Winchester,  Har- 
row, and  Rugby  Schools:  Kings  Col- 
lege, London  ;  and  Marlborough  Col- 
lege. Fifth  Edition.  Post  8vo.  9s. ; 
or,  with  Appendix  of  Epithets,  12s. 

Yonge's  School  Edition  of  Ho- 
race. —  Horace,  with  concise  English 
Notes  for  Schools  and  Students.  By 
the  Rev.  J.  E.  Yonge,  King's  College, 
(!ambridge;  Assistant  Master  at  Eton. 
Pakt  I.  Odes  and  Epodes,  12mo.  3«.; 
Part  II,  Satires  and  Epistles,  'is.  6d. 

Youatt. — ^The  Horse.  By  Wil- 
liam Youatt.  With  a  Treatise  of 
Draught.  New  Edition,  with  nume- 
rous Wood  Engravings,  from  Designs 
by  William  Harvey.  (Messrs.  Long- 
man and  Co.'s  Edition  should  be  or- 
dered.) 8vo.  10s. 

Youatt. — ^The  Dog.  By  William 

Youatt.  A  New  Edition;  with  nume- 
rous Engravings,  from  Designs  by  W. 
Harvey.  8vo.  6s. 

Young. — The  Christ  of  History  : 

An  Argument  grounded  in  the  Facts  of 
His  Life  on  Earth.  By  John  Young, 
LL,D.  Second  Edition.  Post8vo.7s.6d. 

Young —The  Mystery ;  or,  Evil 

and  God.  By  John  Young,  LL.D, 
Post  8vo.  7s.  6d. 

Zumpt's  Grammar  of  the  Latin 

Language.  Translated  and  adapted  for 
the  use  of  English  Students  by  Dr.  L. 
Schmitz,  F.R.S.E.:  With  numerous 
Additions  and  Corrections  by  the  Au- 
thor and  Translator.  8vo.  14s. 
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